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  ABSTRACT 
 
There is a great interest in the recent literature about relationship between cranial base 
shape and facial disharmonies or malocclusions. But the conclusions are contradictory, due to 
insufficient samples and very basic method to appreciate cranial base shape. 
 
The aims of this work are double: First we wanted to analyze the basi-cranial shape 
and its relationships with maxilla-facial schemes or malocclusion. Second we wanted to 
analyze the maxillo-facial shape and its relationships with malocclusions. 
We used 3D data of 312 patients selected with great pathologies “border line surgery”, and we 
analyze these data by two methods: morphometric geometry processes and a specific 3D 
maxillo-facial analysis elaborated in Toulouse. 
 
We can conclude about our main questions: 
• Basicranial configuration is not significantly correlated with types of malocclusion, it 
is remarkably stable, and it does not play any etiologic role in malocclusion 
appearance. 
• On the contrary, maxillofacial specific configurations, corresponding to different types 
of malocclusion, can be described precisely. 
 
Some secondary results can be deduced from this work: 
• We could perfect and test methods of 3D analysis applied to complex 
anatomies 
• We could precise the pathologic schemes (antero-posterior, vertical, 
transversal, asymmetry) and their interconnections. 
• We selected the 3D most determinant parameters. 
• We made a proposal of threshold for surgical orientation concerning 
these parameters. 














La littérature accorde un intérêt soutenu à l’étude des relations entre la morphologie 
basi-crânienne et les dysmorphies maxillo-faciales ou les malocclusions. Mais les conclusions 
sont contradictoires à cause de l’insuffisance des échantillons et du caractère schématique des 
méthodes de description de la forme basi-crânienne. 
 
Le but de ce travail est double : d’abord nous voulions analyser la forme basi-
crânienne et ses rapports avec les schémas maxillo-faciaux ou les malocclusions. Ensuite nous 
voulions analyser la morphologie maxillo-faciale et ses relations avec les malocclusions. 
Nous avons utilisé les données scanner de 312 patients sélectionnés comme ayant des 
pathologies importantes « limite chirurgicale » et analysé ces donnée par deux méthodes : les 
procédés de la morphométrie géométrique et une analyse maxillo-faciale spécifique élaborée à 
Toulouse. 
 
Nous pouvons conclure à propos des deux principales questions : 
• La configuration basi-crânienne n’est pas significativement corrélée avec les différents 
types de malocclusion, elle reste très stable et elle ne joue aucun rôle étiologique dans 
le développement des malocclusions. 
• Au contraire, des schémas maxillo-faciaux spécifiques correspondant aux différentes 
malocclusions peuvent être décrits avec précision. 
 
Des conclusions secondaires peuvent encore être déduites de ce travail : 
• Nous avons mis  au point et testé les méthodes d’analyse tridimensionnelles des 
structures anatomiques complexes 
• Nous avons précisé les schémas pathologiques (antéropostérieur, vertical, transversal, 
asymétrie) et leur interdépendance 
• Nous avons sélectionné les paramètres 3D les plus déterminants 
• Nous avons proposé des valeurs seuil pour une orientation chirurgicale. 
 
Mots clés : 3D analyse, morphologie basi-crânienne, asymétrie, dysmorphie malocclusion.   











































TABLE OF CONTENTS 
 
1. Chapter I: Introduction…………………………………………………………………19 
 
2. Chapter II: Cranial Base Configuration...…………………………………………….27 
2.1 General introduction to the cranial base..…………………………………………….30 
2.2 Overview of the cranial base growth……..…………………………………..............31 
2.3 Growth changes in the cranial base flexion…………………………………..............34 
2.4 Evolution of cranial base flexion……………………………………………………..36 
2.5 Description of measurements techniques of the cranial base in the literature…..........40 
2.6 Relationship between the cranial base angle and maxillo-facial disharmonies............43 
 
3. Chapter III: Assessment of facial dysmorphy and asymmetry………………………46 
3.1 Assessment of the facial asymmetries………………………………………….....50 
3.2 Overview on the facial asymmetries……………………………………………...52 
3.3 Three dimensional method for evaluating asymmetries ……………………..............54 
3.3.1 Review of the method for evaluating asymmetry ………………………..56 
3.3.2 Three dimensional Methods………………………………………………57 
3.4 Assessment of maxillo-facial disharmonies…………………………………………..57 
3.4.1 Appreciation of malocclusion…………………………………………….57 
3.4.2 Appreciation of  maxillo-facial disharmonies……………………….........58 
3.5 Facial asymmetries and maxillofacial disharmonies……………………………........58 
 
4. Chapter IV: Aims of the study…………..……………………………………………........61 
4.1 Basicranial shape and maxillo-facial shape: Morphometric Geometric 
Techniques……………………………………………………………………………………64 
4.2. Maxillo-facial disharmonies and malocclusion: 3D analysis Faure & Treil ……68 
 
5. Chapter V: Materials and Methods………………………………………………………..69 
5.1 Materials: Samples and sub-samples  ………………………………………………..75 
5.2 Methods ………………………………………………………………………….83 
 5.2.1 Landmarks description and identification………………………………85 




 5.2.2 Reproducibility and validity of the landmarks………………………….90 
 5.2.2.1 Technique Error Measurement TEM………………………….91 
 5.2.2.2 Procrustes superimposition of the two configurations.………..92 
 5.2.2.3 Calculation of coefficient of correlation ρ…………………….92 
 5.2.3 Geometric morphometric technique…………………………………….92 
     5.2.3.1. Procruste superimposition …………………………………...93 
  5.2.3.2 Principal compoment analysis ………………………………..94 
     5.2.3.3. Thin plate analysis …………………………………………...95 
     5.2.3.4 Goodall test …………………………………………………..95 
     5.2.3.4 Wilk’s lambda test…………………………………………….96 
     5.2.3.6 Measure of B angle for basicranial shape configuration ……..97 
  5.2.4. Euclidean distance matrix analysis EDMA…………………………….97 
 5.2.5. Superimposition of the biological shape after 3D reconstruction……...98 
 5.2.6 Three dimensional study of asymmetry by using C2000 and Treil & 
Faure 3D analysis……………………………………………………………………..99 
5.2.6.1 Selection of landmarks and teeth…………………………….100 
5.2.6.2 3D imagery…………………………………………………..100 
5.2.6.3 Cephalometric reconstruction………………………………..101 
5.2.6.4. Cephalometry………………………………………………..102 
 
6. Chapter VI: Results……………………………………………………………………113 
 
Introduction to the results section…………………………………………………...116 
6.1 Internal consistency and validity of the data…………………………………….117 
6.1.1. Technical Error Measurement TEM…………………………………..117 
 6.1.2. Procrustes superimposition of the two configurations and then 
statistically tested by Wilks lambda value. ………………………………………...119 
 6.1.3. Calculation of coefficient of correlation ρ (MEDCAL; Lin 1989……121 
6.1.4. Critic of the sample …………………………………………………..121 
6.2. Result section of basicranial configuration……………………………………..124 
 6.2.1. Study of basicranial configuration by use of Geometric morphometric 
technique ……………………………………………………………………………125 
6.2.1.1. Basicranial shape variation………………………………….126 
6.2.1.2. Thin plate analysis ………………………………………….127 




6.2.2. Statistical test… ………………………………………………………130 
 6.2.2.1. Goodall test………………………………………………….130 
 6.2.2.2. Wilk’s lambda test…………………………………………..133 
  6.2.3. Measure of angle В……………………………………………………133 
 6.2.4. Euclidean distance matrix analysis (EDMA): A test for shape 
comparisons……………………………………………………………………...134 
 6.2.4.1. A test for shape comparisons Class I vs Asymmetric 
group…………………………………………………………………………135 
6.2.4.2. A test for shape comparisons Class I vs Cl III group……….135 
6.2.4.3. A test for shape comparisons Class I vs Cl II division 2 
group…………………………………………………………………135 
6.2.4.4. A test for shape comparisons Class I vs Cl II division 1 
group…………………………………………………………………136 
 
6.2.5. Superimposition of the biological shape after 3D reconstruction ……136 
6.2.5.1. Superimposition of the asymmetric subjects vs Cl I ……….138 
6.2.5.2. Superimposition Class III maxillo-facial disharmonies vs Cl I 
……………………………………………………………………….141 
6.2.5.3. Superimposition Class II Division 1 maxillo-facial 
disharmonies vs Class I……………………………………………...143 
6.2.5.4. Superimposition Class II Division 2 maxillo-facial 
disharmonies vs Class  I……………………………………………..146 
 
6.3 Results of maxillo-facial disharmonies………………………………………….151 
 6.3.1 Assessment of the asymmetry by use of Morphometric geometric…...152 
 6.3.1.1. Facial architecture shape variation………………………….152 
 6.3.1.2. Thin plate analysis ………………………………………….155 
 6.3.1.3. Statistical test……………………………………………….159 
6.3.1.3.1. Goodall Test………………………………………159 
 6.3.1.3.2. Wilk’s lambda test ………………………………..160 
6.3.2. Euclidean distance matrix analysis (EDMA): A test for shape 
comparisons………………………………………………………………….161 




6.3.2.1. A test for shape comparisons Class I and Asymmetric 
group…………………………………………………………………161 
 6.3.2.2. A test for shape comparisons Class I and Class III group…..162 
        6.3.2.3. A test for shape comparisons Class I and Class II division 
2……………………………………………………………………………...163 
 6.3.2.4. A test for shape comparisons Class I and Class II division 
1……………………………………………………………………………………...164 
 6.3.3. Superimposition of the biological shape after 3D reconstruction…….165 
6.3.4. Assessment of the asymmetry and study of pathologies by the use of 
C2000, cépha3DT and Treil & Faure analysis………………………………171 
 6.3.4.1. Description of the samples regardless of the asymmetry…...171 
 6.3.4.1.1. Reference Sample…………………………172 
        6.3.4.1.2. Class III sample……………………………172 
        6.3.4.1.3. Class II sample…………………………….175 
 6.3.4.1.4. Asymmetric sample………………………..178 
6.3.4.2. Study of asymmetry of the samples……………………….179 
 6.3.4.2.1. Reference sample………………………….181 
 6.3.4.2.2. Class III sample……………………………182 
 6.3.4.2.3. Class II sample…………………………….184 
 6.3.4.2.4. Asymmetric sample………………………..186 
 6.3.4.2.5. Tridimensionnal asymmetry: correlation 




7 Chapter VII: General Discussion……………………………………………………….192 
7.1 Discussion Basicranial configuration and relation with maxillo-facial 
disharmonies and malocclusions………………………………………………..195 
7.1.1. Discussion about research methodology…………………….197 
7.1.1.1. Methods used to explore the relation of basicranial 
flexion and types of maxillo-facial disharmonies and our 
proposal…………………………………………………….197 
7.1.1.2. Sample…………………………………………….200 
7.1.1.3. Landmarks and Angles……………………………201 




7.1.2. Discussion of the results …………………………………….203 
7.1.2.1. Cranial base flexion and growth…………………..203 
7.1.2.2. Cranial base configuration and maxilla-facial 
disharmonies……………………………………………….206 
     7.2 Discussion: assessment of the Asymmetry and other pathologies…………...212 
 7.2.1 Assessment of the Asymmetry and other pathologies: discussion 
about methods ………………………………………………………………………212 
    7.2.1.1 The samples………………………………………….213 
    7.2.1.2 Advantage of three dimensional techniques…………213 
 7.2.2 Assessment of the Asymmetry and other pathologies: discussion 
about results …………………………………………………………………………217 
  7.2.2.1. Facial asymmetry was seen frequently with a high 
prevalence in the maxillo-facial deformities………………………….217 
  7.2.2.2. The mandible showed the most important 
asymmetry…………………………………………………………………….218 
  7.2.2.3. Left-sided facial laterality had more chances to occur 
than right-sided deviation……………………………………………………..220 
            7.2.2.4. Definition of a reference three D plan for asymmetry 
diagnosis and classification. ………………………………………………….223 
             7.2.3. Assessment of the Asymmetry and study of other pathologies by 
the use of 3D analysis Treil and Faure: discussion of results……………………………….225 
         7.2.3.1 Determinants parameters and limit values…………...226 
                                  7.2.3.1.1 Class II sample…………………………….226 
  7.2.3.1.1.1 Correlation with ANB and AoBo...226
   7.2.3.1.1.2 Test t strongest difference……….227 
    7.2.3.1.2 Class III sample…………………………….227 
        7.2.3.1.2.1. Correlation with ANB and AoBo..227 
        7.2.3.1.2.2 Test t strongest difference………..228 
          7.2.3.1.3. Synthesis…………………………………..229 
          7.2.3.1.4. Limit surgical values………………………230 
          7.2.3.2 Precision of 3D description compared with 2D 
description…………………………………………………………………………...230 
          7.2.3.2.1. Class II sample…………………………… 230 
           7.2.3.2.2. Class III sample…………………………... 232 




            7.2.3.3. Relations with other pathologies…………………….234 
            7.2.3.3.1. Vertical pathology…………………………235 
      7.2.3.3.1.1. Comparison of medium profiles…235 
      7.2.3.3.1.2. Correlations matrix analyze  ……236 
  7.2.3.3.1.3. Interpretation…………………….236 
                              7.2.3.3.2. Transversal pathology……………………..238 
                7.2.3.3.2.1. Class III and class II samples……240 
                7.2.3.3.2.2. Asymmetric sample……………...240 
               7.2.3.3.2.3. Interpretation…………………….241 
                                      7.2.3.3.3. Asymmetry………………………………...241 
 
8 Chapter VIII: Conclusion……………………………………………………….243 
9 Annexes…………………………………………………………………………..249 























LIST OF TABLES 
Table I: Description of the sample of the study……………………………………………..76 
Table II: Basicranial and facial architecture Landmarks definition ………………………...87 
Table III: Antero-posterior Parameters of the study of the Asymmetry in the 3D analysis of 
Faure and Treil. (Frame, Base, Teeth and arches)…………………………………………..103 
Table IV: Vertical Parameters of the study of the Asymmetry in the 3D analysis of Faure and 
Treil. (Frame, Base, Teeth and arches)……………………………………………………...104 
Table V: Transversal Parameters of the study of the Asymmetry in the 3D analysis of Faure 
and Treil. (Frame, Base, Teeth and arches)…………………………………………………105 
Table VI: Asymmetry: Transversal Parameters of the study of the Asymmetry in the 3D 
analysis of Faure and Treil. (Teeth and arches, bases and envelop)………………………...106 
Table VII: Asymmetry: Vertical Parameters of the study of the Asymmetry in the 3D 
analysis of Faure and Treil. (Teeth and arches, bases and envelop)………………………...107 
Table VIII: Asymmetry: Anteroposterior Parameters of the study of the Asymmetry in the 
3D analysis of Faure and Treil. (Teeth and arches, bases and envelop)…………………….108 
Table IX Technical Error measurement (TEM) for basicranial configuration……………..118 
Table X Goodall’s F-Test with a 1% confidence level of the four groups of malocclusion and 
Class I reference group for basicranial configuration……………………………………….131 
Table XI Goodall’s F-Test with a 1% confidence level between the maxillo-facial 
disharmonies for basicranial configuration …………………………………………………132 
Table XII β measured between the two plans Po and P1…………………………………..133 
 Table XIII Goodall’s F-Test with a 1% confidence level of the four groups of malocclusion 
and Class I reference group for facial architecture………………………….........................159 
Table XIV Goodall’s F-Test with a 1% confidence level between the maxillo-facial 
disharmonies for facial architecture…………………………………………………………159 
Table XV 2D Parameters for the description of the sub-samples…………………………..170 









LIST OF FIGURES 
Figure 1 Cranial base angle measured in the literature………………………………………39 
Figure 2 3D Treil & Faure analysis to describe malocclusion……………………………….77 
Figure 3 Illustration of the different sub-samples…………………………………………....78 
Figure 4 The landmarks for the basicranial configuration and facial architecture are related 
with trigeminal design………………………………………………………………………...85 
Figure 5: The Landmarks identification on the CT Scan…………………………………….86 
Figure 6 Definition of basicranial shape configuration………………………………………88 
Figure 7: The basicranial landmarks configuration identified on the axial CT Scan………...88 
Figure 8: Definition of facial architecture …………………………………………………...89 
Figure 9: The facial landmarks identified on the CT Scan…………………………………..89 
Figure 10: The direct orthogonal landmark………………………………………………...109 
Figure 11:  Main anteroposterior envelop parameters……………………………………...109 
Figure 12:  Main anteroposterior basis parameters…………………………………………109 
Figure 13: Procruste superimposition of the mean shape basicranial configuration for the 
validity of the landmarks……………………………………………………………………120 
Figure 14: Procruste superimposition of the mean facial architecture for Asymmetric group to 
test the reliability and validity of identification of landmarks………………………………120 
Figure 15 Mean basicranial configuration of the Class I morphology derived from 62 Class I 
individuals in untransformed space………………………..………………………………...125 
Figure 16 PCA Analysis representing mean shapes that correspond to the five samples of the 
study Class I, Class II div 1, Class II div 2, Class III and Asymmetric……………………..126 
Figure 17: Superimposition of the five sample of the study. This qualitative analysis shows 
the high stability between the five groups of malocclusion…………………………………127 
Figure 18 PCA Analysis representing mean shapes that correspond to the five samples of the 
study Class I, Class II div 1, Class II div 2, Class III and Asymmetric……………………..128 
Figure 19 Total splin for overall pattern cranial base configuration for the five sub samples of 
the study……………………………………………………………………………………..129 
Figure 20 Shape changes derived from TPS analysis of cranial base configuration between 
normal and the pathologic maxilla-facial disharmonies. …………………………………...130 
Figure 21 3D reconstruction of the normal subject ………………………………………...137 
Figure 22 The shell-to-shell BC differences of Class I / asymmetric subject 1 ……………139 
Figure 23 The shell-to-shell BC differences of Class I / asymmetric subject 2…………….140 




Figure 24 The shell-to-shell BC differences of Class I / Class III subject 1………………..141 
Figure 25 The shell-to-shell BC differences of Class I / Class III subject 2………………..142 
Figure 26 The shell-to-shell BC differences of Class I / Class II division 1 subject 1……..144 
Figure 27 The shell-to-shell BC differences of Class I / Class II division 1 subject 1……..145 
Figure 28 The shell-to-shell BC differences of Class I / Class II division 2 subject 1……..147 
Figure 29 The shell-to-shell BC differences of Class I / Class II division 2 subject 2……..148 
Figure 30:  Mean facial architecture configuration of the Class I morphology derived from 62 
Class I individuals…………………………………………………………………………...153 
Figure 31: Superimposition of the five sample of the study. This qualitative analysis 
describes the location and prevalence of asymmetry in relation to different types of maxillo-
facial disharmonies………………………………………………………………………….153 
Figure 32: PCA Analysis representing mean shapes of facial architecture that correspond to 
the 4 samples of the study superimposed to the mean shape of Cl I reference group to study 
the asymmetry……………………………………………………………………………….155 
Figure 33: PCA Analysis representing mean shapes that correspond to the five samples of the 
study Class I, Class II div 1, Class II div 2, Class III and Asymmetric……………………..156 
Figure 34: Shape changes derived from TPS analysis of facial architecture configuration 
between the mean configurations of facial architecture shape in all the sample of the study CL 
I reference group, CL III, CL. II div.1, CL. II div.2, Asymmetric…………………………157 
Figure 35: Total splin for overall pattern facial architecture configuration for the five sub 
samples of the study…………………………………………………………………………158 
Figure 36  3D reconstruction of Class I subject…………………………………………….164  
Figure 37 The shell-to-shell FA differences of Class I / asymmetric subject 1…………….166  
Figure 38 The shell-to-shell FA differences of Class I / Class III………………………….167 
Figure 39 Superimposition of the mean shape of facial architecture of the five samples…..168 
Figure 40 Superimposition of the mean shape of orbital level……………………………..168 
Figure 41 Characteristics of the mean values of the Class III sample in 2D and 3D 
analysis....................................................................................................................................174 
Figure 48 Characteristics of the mean values of the Class II sample in 2D and 3D 
analysis………………………………………………………………………………………177 
Figure 43: Asymmetry of the Class II sample ……………………………………………..241 
Figure 50: Asymmetry of the Class III sample …………………………………………….241 
Figure 51: Asymmetry of the Class II sample Frontal view………………………………..242 
Figure 52: Asymmetry of the Class III sample Frontal view……………………………….242 











































Figure 1 3D reconstruction of the normal subject ……………………………………….....251 
Figure 2 3D reconstruction of subject of Class II division 1 ………………………………252 
Figure 3 3D reconstruction of subject of Class II division 2 ………………………………253 
Figure 4 3D reconstruction of subject of Class III ………………………………………...254 
Figure 5 3D reconstruction of Asymmetric subject ………………………………………..255 
Table I Sorted elements of the shape difference Class I and Asymmetric group for basicranial 
configuration………………………………………………………………………………...257 
Table II Sorted elements of the shape difference Class I and Class III group    for basicranial 
configuration………………………………………………………………………………...258 
Table III Sorted elements of the shape difference Class I and Class II division 2 group for 
basicranial configuration…………………………………………………………………….259 
Table IV Sorted elements of the shape difference Class I and Class II division 1 group       for 
basicranial configuration…………………………………………………………………….260 
Table V Sorted elements of the shape difference Class I and Asymmetric group for Facial 
architecture ………………………………………………………………………………….261 
Table VI Sorted elements of the shape difference Class I and Class III group for Facial 
architecture…………………………………………………………………………………..262
Table VII Sorted elements of the shape difference Class I and Class II division 2 group for 
Facial architecture…………………………………………………………………………...263 
Table VIII Sorted elements of the shape difference Class I and Class II division 1 group for 
Facial architecture…………………………………………………………………………...264 
Table IX: 3D anteroposterior parameters…………………………………………………..265 
Table X: 3D vertical parameters……………………………………………………………266 
Table XII: 3D transversal parameters………………………………………………………267 
Table XIIa: 3D transversal parameters……………………………………………………..268 
Table XIIb: 3D vertical parameters…………………………………………………….......269 
Table XIIc: 3D anteroposterior parameters………………………………………………...270 
Table XIII: R coefficient correlation ANB/AoBo…………………………………………271 
Table XIV: Surgical Diagnosis …………………………………………………….............272 
Table XV: Correlation matrix vertical/anteroposterior (Cl II) …………………………….273 
Table XVI: Correlation matrix vertical/anteroposterior (Cl III) …………………………..274 
Table XVII: Correlation matrix vertical/anteroposterior (Asymmetric) …………………..275 
Table XVIII: Correlation matrix transversal/anteroposterior (Cl II) ……………………...276 




Table XIX: Correlation matrix transversal/anteroposterior (Cl III) ………………………..277 



































CHAPTER I: INTRODUCTION 
La base du crâne est en relation avec l’encéphale, l’oropharynx, les voies aériennes 
supérieures, l’articulation temporo-mandibulaire, les organes sensoriels. La flexion marquée 
de la base du crâne spécifique de l’espèce humaine  est donc naturellement supposée être 
reliée au développement encéphalique, aux fonctions de déglutition, de mastication, de 
respiration et de phonation ainsi qu’à la bipédie.  
Pour de nombreux auteurs il existe des relations entre forme basi-crânienne et 
pathologie maxillo-faciale ou pathologie occlusale. La plupart de ces travaux sont basés sur 
des téléradiographies profil crâne et des analyses bidimensionnelles tant pour l’appréciation 
de la forme basi-crânienne (schématisée simplement par l’angle basi-crânien) que pour 
l’architecture maxillo-faciale.   
La prise en compte des asymétries s’appuie, elle, le plus souvent, simplement sur des 
données cliniques occlusales.  
Le but de ce travail est d’abord de tester les méthodes d’analyse tridimensionnelles des 
structures anatomiques complexes, ensuite nous analyserons les formes basi-crâniennes, 
maxillo-faciales et leurs relations ; les questions essentielles sont : 
• Existe-il un lien entre la forme basi-crânienne et les pathologies maxillo-
faciales et / ou occlusales ? 
• Quels sont les liens entre les différentes pathologies maxillo-faciales et / ou 
occlusales entre elles (antéropostérieures, verticales, transversales, 
asymétries)? 
• Quels sont les limites du pathologique et du chirurgical?    
Nous emploierons deux méthodes : la morphométrie géométrique et les outils 
connexes, et une analyse céphalométrique spécifique mise au point à Toulouse. 
Nous utiliserons un échantillon étendu comportant, outre les cas de référence, 






CHAPTER I: INTRODUCTION 
 
One structure where ontogeny and phylogeny have been extensively investigated is the 
human cranial base, which is unique among primates in being highly flexed (Gould, 1977; 
Dean and Wood, 1984; Lieberman and al., 2000; Jeffery, 2003). Phylogenetically, the cranial 
base is the oldest part of the cranial skeleton. It forms a support for the brain and has, 
suspended from it, the structures involved in respiration, swallowing, and vocalization. It has 
a major connection with the sensory organs (visual, auditory), and is involved in the 
movement of the pharynx inferiorly during early childhood that is thought to be essential for 
production of complex vowel sounds. Information on the cranial base has been applied to 
fields of comparative anatomy, primatology, human evolution, craniofacial growth and 
development. It has been established that modern humans have more flexion in the cranial 
base when compared to other primates (Lieberman and McCarthy, 1999; Ross and Ravosa, 
1993). There are number of theories that have been proposed to explain the acute basicranial 
flexion seen in humans, these hypotheses are not necessarily mutually exclusive. They can be 
divided into neural hypotheses (Gould, 1977; Ross, 1993; Ross and Henneberg, 1995; Ross 
and Ravosa, 1993; Strait, 1998; Strait and Ross, 1999), speech and language hypotheses 
(Laitman, 1985; Laitman and Heimbuch, 1982; Laitman et al., 1978; Lieberman et al., 1972) 
and postural/bipedalism hypotheses (Ashton, 1957; Weidenreich, 1924). The increase in 
relative brain size and development of bipedal posture both seem to be influence in the 
increased flexion of the cranial base in humans compared to other primates (Strait, 1999; 
Strait and Ross, 1999).  
The cranial base provides support for the brain and adaptation during growth between 
the developing neurocranium and viscerocranium. Because of this junctional location between 
cranium, midface, and glenoid fossa, the cranial base has the potential to influence growth of 
both cranium and face. Prenatal development during embryogenesis and the fetal period 
indicate the chondrocranium and basicranial region are mainly replaced by bone, starting in 
the second month of embryonic development. The human basicranium is evident by week 4 
prenatally between the cranial part of the neural tube and the foregut. Previous reports in the 
literature describe general growth of the cranial base in terms of age changes from birth to 





between neuro-cranium and vicerocranium was seen in terms of functional matrix (Moss and 
al., 1955; Moss and al., 1984) and recently in terms of morphological integration and 
modularity (Bastir et al., 2003). 
The role of the basicranium and its potential interaction and contribution to normal 
and pathological variation of the face is a frequently addressed and clinically relevant issue in 
craniofacial biology. Also in anthropology there is an increasing interest in the developmental 
relations between facial and basicranial structures. 
If the basicranium is involved in maxillo-facial evolution (ontogenic and phylogenic) 
it is surely involved in pathologies. Despite the studies on basicranial flexion among different 
species, the relationship between cranial base configuration and facial prognathism has been 
of interest to anthropologists, particularly in relation to racial differences. Huxley (1924) used 
the basicranial axis on sagittal sections of dried skulls to elucidate racial variation, and to 
suggest the possibility of an association between this variable and malocclusion. Björk 
(1955), using cephalometric radiographs, demonstrated the existence of a relationship 
between cranial base morphology and jaw relationship. The hypothesis of Björk was based on 
the following explanation, the maxilla and mandible articulate with different limbs of the 
cranial base, and therefore it is possible that variations in growth and orientation of the cranial 
base region could lead to a differential movement of the mandible in relation to the maxilla. 
The two limbs of the cranial base form a flexion of 130°– 135° at sella. The maxilla appears 
attached to the anterior segment and the mandible to the posterior segment. It would be 
reasonable to assume, just from this geometric relationship, that any change in flexion would 
alter maxillary and mandibular positions relative to the cranial base as well as to each other. 
This in turn may influence the skeletal pattern and type of malocclusion.  
A number of studies have attempted to identify craniofacial differences between the 
classes of malocclusion. Hopkin et al., (1968), using Articulare to represent the posterior limit 
of the cranial base, described a linear relationship between the cranial base angle and 
prognathism with the angle systematically reducing from Class II, via Class I, to Class III 
individuals. Scott (1958) suggested that a number of factors determine or influence static jaw 
position and, consequently, the degree of prognathism in individual cases. These factors 
included the cranial base angle, the extent to which the mandible and maxilla moved forward 
in relation to the cranium and the amount of surface bone deposition along the facial profile 





of malocclusion is not fully understood. Contradictory results were noted in previous studies 
described in the literature. These studies measured a cranial base angle based and limited just 
on three landmarks, these studies missed the morphologic characteristics of cranial base 
configuration and in that way were not able to characterize global craniofacial morphology or 
regional changes in the cranial base itself.  
It is possible to criticize greater part of these works; due to their measurement 
methods. The basicranial morphology till the latest research in the literature is mainly 
simplified and described as “the basicranial angle flexion”. Traditionally, the basicranial 
flexion is investigated as a degree of angulations defined by three points or two plans 
(Zuckerman, 1955; Levihn, 1967; Birch, 1968; Jeffery, 1999; Jeffery and Spoor, 2002; 
Lieberman et al., 2000). The maxillofacial morphology is commonly appreciated in 
orthodontics by the use of 2D cephalometric analysis. Unfortunately very few 3D biometric 
approaches are studied in the literature. Most recent studies take account of general shape of 
cranial base (Lieberman, 2007), by using 27 landmarks  qualified as 3D landmarks , chosen to 
represent the cranial base, but the landmarks are unilateral selected on CT scan (Sella, 
Foramen caecum, Sphenoidale, Posterior cribiform plate and  Bregma).   
This research work will focus on the maxillofacial morphology, using 3D tools and 
defining a “basicranial configuration” representing the realistic configuration of the cranial 
base.  
Once the “basicranial configuration” is established, it seems interesting to appreciate 
the relationship between cranial base shape and disharmonies or malocclusions from one 
hand, and to specify the malocclusions and disharmonies tied together and their 
interconnections in the other hand. 
 
For this purpose we need:  
• A wide sample of patients with pathologies. 
• Three dimensional data of these patients. 







This review will first present a summary of the research that has gone into cranial base 
flexion and craniofacial morphology as it relates to the aims of the present work. This 
includes an overview of cranial base growth, and a description of studies on cranial base 
flexion regarding the maxillo-facial disharmonies. With the background to the study 
established, the aims and hypothesis of the current research will be explained in more detail. 
 
The purpose of this study is to investigate morphology of the cranial base 
configuration in different types of malocclusion, to determine relationship between 
cranial base and maxillofacial disharmonies and/or malocclusions. 
 The data provides a baseline material for subsequent studies of the maxillo-facial 
specificity in the different types of malocclusion.  
For this work a tridimensional method will be applied, and conjointly the use of the 
morphometric geometry methods and a 3D cephalometric program based on a reference tied 
to the cranial base. 
The first part of the research work used the morphometric geometry methods to: 
• Test them as a way to describe the cranial base or the maxillo-facial 
morphology.  
• Test the relationship between cranial base morphology and malocclusion. 
• Test the relationship of dysmorphies between themselves (overall asymmetry/ 
other pathologies). 
The second part of this research work used the 3D cephalometric analysis C2000 and 
Cépha 3DT elaborated by J.Treil and J. Faure with CIRAD (Montpellier), and it used the 
conventional statistical methods to compare pathological samples. In this second part we try 
to precise the definition of main pathologies, anteroposterior, vertical, transversal, 
asymmetrical ones, and overall to precise the definition of surgical common threshold.  






We can dispose for our work of a wide sample (374) of patients with maxilla-facial 
disharmonies. These patients were collected in a study program evaluating detection, 
diagnosis and therapeutic follow up of surgical patients (URCAM French Social National 
Insurance, FAQSV funds). That was an excellent study sample to understand the relationship 
of maxilla-facial and occlusal pathologies. 
The sample will be presented first, the justification of the research approaches, the 

















































CHAPTER II: CRANIAL BASE CONFIGURATION 
 
Ce chapitre bibliographique présente d’abord les principaux résultats concernant la 
forme de la base du crâne en général caractérisée par l’angle basi-crânien ou la flexion basi-
crânienne. La flexion basi-crânienne chez homo sapiens est spécifique parmi les primates.  
L’embryologie et la croissance ont été étudiées et on retiendra surtout le rôle des 
sutures et les variations de l’angle basi-crânien augmentant pendant la vie fœtale puis 
diminuant après la naissance dans les premières années.  
La diversité et le caractère très schématique des méthodes d’appréciation de la forme 
basi-crânienne peuvent expliquer pour beaucoup le peu d’homogénéité des résultats.  
Les conclusions concernant les relations entre forme basi-crânienne et pathologie 
maxillo-faciales et/ou occlusales sont souvent contradictoires.  
L’idée « logique » d’une évolution occlusale de la Casse II à la Class I puis à la Class 
III à mesure de la fermeture de l’angle basi-crânien et de la diminution des segments basi-









CHAPTER II: CRANIAL BASE CONFIGURATION 
In this section we will present a summary of the research that has gone into cranial 
base flexion and maxillofacial disharmonies. This includes an overview of the cranial base 
growth, a description of studies on the cranial base flexion and the various hypotheses 
regarding the evolution of cranial base flexion in humans.  
With the background to the study established, the aims and hypotheses of the current 
research will be explained in more detail in the chapter four. 
 
2.1 General introduction to the cranial base 
In studies of craniofacial growths, early researchers assumed that the bones of the 
cranial base grew at similar rate to brain, and that little growth occurred after about seven 
years (George, 1978). As a result, most studies of the growth of the skull use the stability of 
the cranial base as a reference to assess growth in other bones of the cranial skeleton.  
Variation in craniofacial morphology is evident during development and growth. It 
occurs as variation between modern humans, fossil hominins, and primates. Much of this 
variation arises during growth, with some influence of mechanical factors. This variation is 
the result of the same growth regulating hormones acting in various ways on body tissues so 
that they grow at different rates (Bijlmsa, 1983; Dixon and Sarnat, 1982; Goss, 1972; Raisz, 
1988). The resulting differential growth arises from variation in the rate and duration of 
growth of the craniofacial bones, and occurs from early stages of embryonic development 
until after puberty, and possibly well into adulthood (Dixon and al., 1997; Enlow, 1990; 
Lewis and Roche, 1988). It produces differences in size and in shape (Huxley, 1924; Moss 
and al., 1984; Thomposon, 1942). In some individuals a disturbed pattern of differential 
growth can lead to malocclusion of the teeth or disproportion in facial morphology (Cantu, 
1997; Enlow and Azuma, 1975; Nanda, 1955; Pirinen, 1994; Richtsmeier, 1985; Ricketts, 








2.2 Overview of the cranial base growth  
Ford (1958) analyzed the growth of the cranial base. After measuring differences in a 
cross-sectional collection of skulls, grouped into dental ages, it was found that growth at the 
sphenoid-occipital synchodrosis ceases after seven years. He found that the presphenoid and 
basisphenoid fuse shortly before birth but cartilage remains here for some time. At the time of 
birth, growth centers in the cranial base are between basisphenoid and basioccipital (spheno 
occipital synchodrosis), and between presphenoid and frontal bones. After birth, during the 
first year, the mesethmoid center appears in the area of the cribriform plate. This permits 
growth anteriorly and posteriorly between frontal and sphenoid bones while cartilage persists. 
The cribriform plate ceases to growth by about two years, while the thickness of the frontal 
bone continues to increase through adolescence. Between 30% and 60% of the growth of the 
craniofacial is complete by birth (Thilander, 1995), while over 80% of the growth of the 
cranial base is complete by six years (Myers, 1995).  However, Ford’s study (1958) shows 
that the individual bones can follow either a neural or a general growth pattern. Increases in 
distances between nasion and foramen caecum and between sella and basion follow the 
general, somatic growth pattern. Foramen caecum to sella and the sagittal length of the 
foramen magnum show a neural pattern, which means that growth areas around the foramen 
magnum are silent by the time of eruption of the first molar ( Ford, 1958; Zuckerman, 1955). 
Once the brain has ceased growing, the anterior cranial base still needs to grow to allow for 
facial development. This occurs through the development of the frontal and ethmoidal air 
sinus, with development of the supraorbital region and the interorbital septum. In a 
comparison of cranial base growth in primates, examining samples of infants, juveniles and 
adults, it was found that the anterior cranial base growth seems to follow the pattern of facial 
skeleton, rather than the brain or endocranial cavity. In contrast, the posterior regions of the 
cranial base follow the growth pattern of the endocranial cavity (Michejda, 1975).  
Studies on the growth of the head have attempted to document the normal growth of 
the cranial base at different ages. Many of these have taken the form of longitudinal, serial 
measurements of cranial growth (Bhatia and Leighton, 1993; George, 1978). An equal 






 Enlow et al., 1975 investigated craniofacial development and variation; they note that 
all components of the facial skeleton are closely related during growth. For example, the 
anterior cranial base is equivalent to the upper naso-maxillary complex, which is closely 
related to the inferior part of the maxilla. Any changes in size or displacement of any of these 
regions will influence the others. In a description of the growth of the craniofacial skeleton 
through remodeling and displacement through serial tracings registered on vertical and 
horizontal reference lines, it is noted that most of the significant changes in growth of the 
cranial base and movement of the maxilla are not apparent if sella-nasion is used as a 
reference plane (Enlow et al., 1971). Enlow et al., 1975 explained the increases in length of 
the cranial base and demonstrate that it occur posterior to sella, which means that sella is 
moved relatively forward. The endocranial surface of the clivus, and the middle cranial fossa 
are resorptive, while deposition occurs ectocranially. This causes anterior relocation of the 
clivus and anterior wall of the middle cranial fossa. Simultaneously, superior displacement of 
the entire skull occurs by growth at the occipital condyles. Growth of the cranial base causes 
inferior and anterior displacement of the maxilla and mandible, but the effects are less evident 
in the mandible because of the angle of the inclination of the cranial base relative to the 
mandible.  The authors also note that the sella-nasion plane is not an anatomically effective 
dimension to represent the upper face and/or cranial base. It passes across different bones that 
have different patterns and sites of growth, it is not related to an architecturally important 
landmark in the skull, and it does not include the posterior regions of the anterior cranial base.  
 
In a landmark study about age changes in the cranial base, Zuckerman (1955) studied, 
dry modern human skulls, not separated into sexes or racial groups. Results show that the 
cranial base is more than 50% of its adult size by eight years. Basioccipital, basisphenoid, 
presphenoid and ethmoid all continue to grow until adulthood. The posterior part of the 
cranial base, measured from basion to the pituitary point, is longer in skulls with permanent 
dentition compared to those with deciduous dentition, and is longer in adults than in those 
with only the second molar erupted. Similar results are seen for the anterior cranial base. The 
sagittal diameter of the foramen magnum shows significant differences between juveniles 
with deciduous dentition and those with the permanent teeth erupting (six to eight years), but 
no differences are present between the latter group and adult skulls. These data suggest that 
the posterior parts of the cranial base cease growing sooner than the anterior part, which 





Zuckerman (1955) noted that there is no reason to say that the growth patterns in the 
cranial base will correspond to dental ages in individuals, especially with adolescence where 
averages will underestimate growth changes.  
Melsen (1982) was the first researcher to examine histologicaly the cranial base. 
Samples of the middle cranial base were taken from autopsy materiel, age range 0 to 20 years, 
compromising 76 males and 50 females. She used tetracycline staining techniques to identify 
surfaces where bone apposition was occurring. It was found that the endocranial surface of the 
anterior cranial base, consisting of the frontal bone and cribriform plate, ceases remodeling 
activity in most cases by four years of age. Apposition occurs on the anterior sphenoid surface 
(jugum sphenoidale) which has the effect of raising the level of the bone, as mentioned by 
Björk (1955). Growth in length of this part of the cranial base occurs by growth at fronto-
ethmoidal, spheno-frontal and spheno-ethmoidal sutures. In the spheno-frontal and spheno-
ethmoidal sutures, no growth was seen after seven years.  
In a study of boys between 12 and 20 years, Björk (1955) found that the cranial base 
increases in length by sutural growth. The anterior cranial fossa stops growing around ten 
years, and the growth of the upper face after this point is mostly by apposition on the frontal 
bone. The posterior cranial base increases in length through growth at the sphenoid-occipital 
synchodrosis, causing an endocranial displacement of basion. Lateral growth of the posterior 
cranial base also occurs, through growth at the sutures, and continues as long as there is 
growth in the upper face. Changes in the cranial base do not appear to be reflected in 
movement of the sella, representing the sphenoid bone in this instance. The nasion-sella line 
is stable in relation to the floor of the anterior cranial fossa during adolescence. As 
demonstrated by a case study of anchondroplasia, the normal development of the cranial base 
is largely dependent on the normal growth of the spheno-occipital synchodrosis. Changes in 
the cranial base with age continue as long as the head and face continue to grow. Angles of 
the cranial base and face show a lot of individual variation in both directions with age.  
 
2.3 Growth changes in the cranial base flexion  
All prenatal studies have been based on cross-sectional data and the points used to 
measure the “saddle angle” differ slightly among the investigations. In a very early study in 





angle. He measured the angle between the planum ethmoidal and the clivus. Pankow (1950) 
also used the same landmarks used by Virchow and reach the same conclusion.  
Studies of cranial base flexion in prenatal individuals are necessarily cross-sectional, 
and it has been found by some researchers that the angle increases during prenatal 
development (Ford, 1956; Lieberman et al., 1972).  
Cranial base flexion measured in longitudinal studies appears to show little change 
from 2 years after birth (Lieberman and McCarthy, 1999). According to Diewert (1983), the 
average cranial base angle between basion – sella - nasion in a sample of fetuses increases 
from 117 degrees to 127 degrees. George (1978), states that the angle at birth is 142 degrees, 
and has stabilized to 130 degrees by the age of five years.  In a sample of children from the 
Belfast Growth Study the basion – sella – nasion angle was measured at 129 degrees in the 
oldest age group (15 years), with a standard deviation of about two degrees (Kerr, 1978). In 
additional work, examining the same children over a ten year period, it was found that the 
average angle of cranial base flexion remained constant. 
Different cranial base angles measured nasion-sella-basion is related to different 
craniofacial forms. Rotation of the cranial base is related to rotation of the brain case and 
rotation of the facial skeleton. This is apparently related to interactions between different 
growth processes during development, producing a wide range of individual variation. A 
decreased cranial base angle will produce a more prognathic face, as measured by the 
protrusion of the upper and lower jaws (maxilla and mandible). Changes in cranial base 
flexure or shape can produce a relocation of the glenoid fossa in relation to the anterior areas 
of the cranial base (Bjork 1955; Kieser et al, 1999). However, protrusion of the mandible is 
also dependent on the growth processes occurring in the mandible, such as growth at the 
condylar processes in different directions, apposition or resorption at gnathion, and 
remodeling/growth at the gonial angle.  
In a longitudinal and cross-sectional study of the cranial base angle it was found that 
the cranial base angle decreases during the first two years of life (George, 1978). These 
decreases were recorded in three different angles of cranial base flexion: nasion-sella-basion, 
internal frontal bone point-sella-basion, and the clival inclination relative to sphenoidale-
frontal line. Following this, flexion shows individual patterns, with flexion increasing in some 
individuals and decreasing in others. It is suggested that in early childhood there are two 





growth may also be interpreted as growth adjustments occurring in other areas. Considering 
the similar results of Björk (1955), it seems that the growth during the early post natal period 
follow a fixed pattern of growth as shown by high correlation between means and standard 
deviations, with individual variation (George, 1978).  
Kvinsland (1971) found high correlations between different angles in the cranial base, 
these angles were between the anterior and posterior cranial base, intersecting at sella, which 
decrease in flexion with increasing developmental size. The angle between prosphenion-sella-
basion measures the angle of the sphenoidal and occipital parts of the cranial base, and shows 
considerable individual variation, but no real relationship to developmental stage. The angle 
of the anterior base is measured by the anterior cranial base point-prosphenion-sella. The 
intersection between the most anterior part of the cribriform plate and the more vertical 
uppermost part of the nasal septum, in the midsagittal plane can be measured as a further 
angle in the cranial base, representing the spheno-ethmoidal part of the anterior cranial base. 
It shows an increase in the sample measured. All these angles were positively correlated. It 
was also found that individuals with a large cranial base angle had large anterior face height, 
measured from nasion-gnathion and relatively more posterior rotation of the mandible. 
Increased growth was observed in the anterior cranial base compared to the posterior cranial 
base, with contributions from sphenoid and ethmoid parts of the anterior cranial base being 
fairly equal. It is suggested that most of the angular changes in the anterior cranial base occur 
around the spheno-ethmoid junction. 
 
Lieberman (2007) measure the growth changes in two estimates of craniofacial flexion 
between different groups of hominoids. The angles were internal flexion angle, measured 
between the anterior end of cribriform palte-tuberculum sella-nasion, of the cranial base, and 
a craniofacial angle staphylion-hormion-basion. In this investigation, sagittal radiographs of 
juvenile crania of gorillas, chimpanzees and modern humans were studied. Comparisons were 
also made to juvenile fossil crania. It was found that the internal flexion angle increases 
during growth in gorillas. The same angle in chimpanzees and modern Homo sapiens 
remained relatively stable during development, with a slight decrease in the angle in Homo 
(more flexed, average decrease of less than 5°). The craniofacial angle increased in both 





Cranial base variation has been found in a number of developmental disorders most 
evident are the obvious deviations in the facial skeleton. However, the fact that the cranial 
base also shows differences from the norm in individuals with these syndromes suggests a 
fundamental connection. Differences occur in the size of bones, the proportional relationships 
between bones, and the reflexion of the cranial base (Grayson et al., 1983). In Crouzon’s 
disease, Apert’s syndrome, and frontonasal dysplasia, differences are seen in overall cranial 
base shape, but cranial base flexion does not differ significantly from normal individuals.  
They have been a number of studies investigating the angle of flexion of the cranial 
base in different facial forms or malocclusion patterns. Kerr and Adams (1988) found a 
decrease in the nasion-sella-basion cranial base angle with the progression of malocclusions 
according to Angle’s classification system (Class II to III), where a decrease in the angle was 
related to increased prognathism of the mandible.  
 
2.4 Evolution of cranial base flexion  
A number of studies have been undertaken, to investigate variation in cranial base 
flexion in modern humans, fossil hominins and hominoids with the aim of understanding the 
evolution of cranial base flexion.  
In 2001 McCarthy reported the results of investigations on the cranial base angle in 18 
anthropoid species. The non human primates species included representatives of Pan, Gorilla 
and Pongo, as well as other primates. The sample of modern human skulls included 60 
individuals from five geographically diverse samples, with six males and females in each 
sample. Two of the cranial base angles measured by McCarthy are the angle Basion-sella-
formaen caecum and the clival plane-sphenoidal plane angle. He found that the modern 
human sample had angles considerably more flexed than the anthropoid and non-anthropoid 
primates. The anthropoid primates had angles that were moderately flexed, while the non-
anthropoid primates had angles that were less flexed.  
Koppe et al., (1999) measured cranial base flexion in extant hominoids. Basicranial 
flexion was measured as the angle between the sphenoidal and clival planes, and was 
measured in a sample of ten modern humans, ten Pan, ten Gorilla and eleven Pongo. From 
the results, Koppe was able to conclude that the flexion in modern humans was about 15 to 20 





modern humans to the size of the sphenoidal sinuses, where an increase in flexion was related 
to a smaller sinus. He concluded that posture is an important factor in basicranial flexion in 
humans, but is not the only one, since other factors such as the size of the sphenoidal sinus 
also play a role.  
In a study on the calvaria of a Pleistocene Homo erectus skull from Java(Sm 4), Baba 
et al., (2003) found that the basion-sella-foramen magnum angle was 141 degrees, and the 
clival plane-sphenoidal plane was 97 degrees. After comparing these measurements to those 
seen in modern human samples, in which the basion sella-formaen magnum angle ranged 
between 128 and 141 degrees and the clival plane angle ranges between 92 and 135 degrees, 
these researchers concluded that the flexion observed in this Homo erectus skull was similar 
to that of modern humans. They suggest that the flexion of the cranial base was not related to 
reduction facial prognathism or increased “globularity” of the brain, based on the finding of 
“strong” flexion in this single skull.  
Spoor (1997) investigated cranial base flexion in fossil hominines, modern humans 
and other hominines. He founds that basicranial shape is highly correlated with relative brain 
size, and is therefore a prime factor in determining cranial base morphology. Spoor measured 
the basion-sella-foramen caecum angle in 17 species of extant non-human primates (42 
individuals), 48 modern human crania and Sts 5, an Australopithecus africanus skull. An 
interesting feature of Spoor’s work is that he also measured the orientation of the formaen 
magnum and petrosal pyramids, and related these to the orientation of the anterior cranial base 
(sella-foramen caecum). Spoor concluded that an increase in relative brain size is related to 
increased cranial base flexion, an inferiorly facing foramen magnum and more coronally 
oriented petrous pyramids. He found support for Gould’s hypothesis (1977) that flexion of the 
cranial base and a inferior orientation of the foramen magnum are related to increased brain 
size and shortened basicranium.  
It has been established that modern humans have more flexion in the cranial base 
when compared to other primates (Lieberman and McCarthy, 1999; Ross and Ravosa, 1993). 
While studies have found that the cranial base flexion of modern humans lies within the range 
of that measured in fossil hominins, the common perception in the literature seems to be that 
the cranial base angle in modern humans is as the most flexed extreme of the primate range 
(Ross, 2004; Ross and Ravosa, 1993; Strait, 1999), especially when relative brain size is taken 





craniofacial complex is proportionately greater. Furthermore, modern humans possess an 
upright head posture. The features are related to reduction of the masticatory apparatus, 
rotation of the facial complex in a downward and backward direction, and increased height of 
the nasal cavity. It suggested that the flexion seen in modern humans has developed through 
evolution of the craniofacial and post cranial skeleton. There are number of theories that have 
been proposed to explain the acute basicranial flexion seen in humans. These can be divided 
into neural hypotheses (Gould, 1977; Ross, 1993; Ross and Henneberg, 1995; Strait, 1998), 
speech and language hypotheses (Laitman, 1985; Laitman and Heimbuch, 1982; and 
postural/bipedalism hypotheses. With regard to the various hypotheses on the evolution of 
basicranial shape, it is worth nothing that factors influencing the cranial base may be 
structural or functional.   
Most hypotheses on cranial base flexion relate to structural principles, where changes 
in the cranial base have a causative effect on other anatomical structures. A few of the 
hypotheses are functional, and these arguments relate to changes in the cranial base affecting 
the function of other structures, producing a mechanical or behvioural advantage (Strait, 
1999). These hypotheses differ in their predictions of which basicranial characteristics will be 
correlated with other characteristics. Supporters of the neural hypotheses of cranial base 
flexion in modern humans state evidence correlating increased relative brain size and flexed 
basicranial (Gould, 1977). Ross and Ravossa (1993) support Gould’s hypothesis, in that a 
bigger brain and smaller basicranium results in cranial base flexion, with the finding that 
significant correlations exist between cranial base flexion and relative brain size. In support of 
the hypothesis relating cranial base flexion to the development of speech and language, 
Lieberman et al. (1972) conducted a number of studies on the relationship between basicranial 
flexion and the location of upper laryngeal structures in the neck. These researchers took 
sagittal sections of heads of newborn humans, adult humans and chimpanzees. In addition 
they compared carniometric anatomy of newborn and adult and infant humans, chimpanzees 
and Neanderthal skull, although it should be noted that the extrapolations about the soft 
tissues of the Neanderthal were based on a number of assumptions. They found similarities 
between newborn humans, chimpanzees and Neanderthals in their laryngeal anatomy, which 
were different from the vocal tract of adult humans. They suggest that the modifications of the 
adult vocal tract allow the production of particular vowel sounds. Infant humans and 
chimpanzees can not produce these sounds. These latter sounds can be produced by different 





location of the supra laryngeal structures, making their production only possible in modern 
human adults (Lieberman et al., 1972). It is suggested that the adult vowel sounds can only be 
produced with a combination of a flexed cranial base, relatively shorter distance between the 
palate and basion, and the hyoid and larynx positioned low in the neck (Laitman, 1985; 
Lieberman and Crelin, 1971; Lieberman et al., 1972). Postural hypotheses of basicranial 
flexion relate to the change from pronograde to orthograde posture (Strait, 1999) and the 
associated ventral rotation of many basicranial features. These hypotheses focus on the 
change in centre of mass with the adaptation to bipedalism which required a re-orientation of 
the foramen magnum and consequently alterations in cranial base flexion. This is based on the 
observations that the location of the foramen magnum varies in different primate species. For 
example, in arboreal primates it is located at the rear of the skull, in chimpanzees it is 
positioned more ventrally, and in hominin fossils and modern humans it is located under the 
skull. The reorientation of the foramen magnum is thought to occur through a bending of the 
posterior cranial base relative to the anterior cranial base, which remains in horizontal positon 
to retain rostral orientation of the orbits (Weindenreich, 1924).  More recent investigation of 
the posture of the head and neck with regard to basicranial flexion was undertaken by Strait 
and Ross (1999). While the main conclusion of the study is that relative brain size has a 
greater influence than posture on cranial base flexion, they also find a consistency of 
orientation of the orbital axis in all primates, including humans, which may take it a useful 
reference plane for functional studies.  
 
Strait (1999) further investigated the relationship between relative brain size, cranial 
base flexion and basicranial length in different primate taxa. His results suggest that while the 
relationship between increased brain size and flexion exists, there does not seem to be a 
causal relationship between cranial base angulations and basicranial length is better explained 
by changes in the non-cortical elements of the brain, rather than the relative brain size. Strait’s 
later work found three variables to be important, these were: the inclination and position of 
the foramen magnum; external flexion of the cranial base, measured as the angle between 
basion-hormion and the orbital plane; and the nuchal plane. These characters were correlated 








2.5 Description of measurements techniques of the cranial base in the literature 
The irregular morphology of the cranial base and it is location deep in the head, 
created a need to develop specialized measuring techniques.  
On the living, non-invasive visualization of the cranial base has been achieved by 
taking lateral radiographs of the head. This has sometimes been supplemented by surgically 
implanting metallic markers at various sites within the bones of the cranial base and face, and 
observing their relative locations within bones over period of times (Björk and Skieller, 
1972). The principle behind this technique is that the hard tissue surrounding the implants will 
change as remodeling occurs, but the markers will not move, thus the direction of growth 
changes (resorption/apposition) can be determined. This technique has not been widely used, 
due to the invasive method of inserting the implants. Due to the lack of a single “center” of 
growth in the skull, any changes should be interpreted relative to a selected reference. This 
has caused a number of problems, both in the selection of the reference, and in the stability of 
these references over time. Studies attempting to identify a stable region in the head have 
been undertaken, and this issue has still not been resolved (Baumrind et al., 1976; Ghafari et 
al., 1987; Ricketts, 1981; Ross, 1993; Wei, 1968b).  
Imaging in orthodontics as the lateral radiographs is an attempt to obtain the 
“anatomic truth” of the three-dimensional structures in a two-dimensional image (Quientero et 
al., 1999). However, there are a number of problems associated with data taken from lateral 
radiographs (Bookstein, 1983; Moyers and Bookstein, 1979). Among the issues these 
researchers address is the problem of two-dimensional representation of three-dimensional 
structures. Often, results are interpreted purely in relation to what is seen in the radiograph, 
with little consideration given to real-life situation. Also, when lines and angles are drawn on 
the tracing between selected data points, these often ignore the shapes of the bones around the 
lines, which may substantially affect the growth of the bones, and the relationships between 
different structures. Another factor associated with the cephalometric radiographs is that the 
parallax which causes possible misalignment of bilateral structures around the midsagittal 
plane. Other sources of error include radiographic enlargement and distortion of the image 
(Wei, 1968b), and measurement error during data acquisition including location of landmarks 





that the reliability of tracing and location landmarks needs to be established and accounted for 
in the analysis.  
Other methods of studying the cranial base, and cranial base flexion that have been 
arisen in the last twenty years or so include digitization of landmarks, which allows the 
application of sophisticated statistical methods such as Fourier analysis, Finite elements 
analysis and thin-Plate spline, among others (Lestrel, 1977a; Lestrel, 1982; Lestrel, 1997b; 
Lestrel and Brown, 1976; Lestrel and Huggare, 1997; Lestrel and Roche, 1986; McIntry and 
Mossey, 2003; Molvary, 1993; Motoyoshi and al., 2002; Ohtsuki et al., 1982a; ; Ohtsuki et 
al., 1993; Ohtsuki et al., 1997; Quientero and al., 1999; Rosas and Bastir, 2002).  
Valuable three-dimensional information is lost in two-dimensional radiographs, and 
there are a number of issues associated with interpretation of results. References lines are a 
means of comparing variations in shape on a uniform basis (Björk, 1955). The selection of a 
reference line is dependent on the purpose of the comparison. For example, if the various 
structures of the face and cranium are to be compared, the line can be more or less arbitrary, 
provided it can be readily defined and located. An example of this line is the Frankfurt 
Horizontal. If the purpose of establishing a line of reference is to provide a basis to describe 
the growth changes in a number of individuals over time, the reference line must taken into 
consideration the growth sites of the skull (Björk, 1955). The ideal reference line is one that is 
stable in individuals over time. Any changes seen could then be recognized as movement of 
specific points relative to stable references. However, no reference point has been found in the 
skull that shows no change over time. Changes have been recorded in the anterior cranial 
fossa (nassion - sella) after 12 years (Björk, 1955). Finding a reference line in neonatal 
samples is difficult due to the considerable movement between bones during prenatal 
developments. The occipital condyles and the foramen magnum have been suggested by some 
researchers as good reference points, as it is stated that the joint between the condyles and the 
vertebral column does not change with growth, due to the ligamentous connections with the 
anterior arch of the atlas and the dens axis (Zuckerman, 1955). According to Zuckerman 
(1955), growth occurs above and below this area, and any increases in the foramen are 
supposedly due to alterations at opisthion, the posterior border of the foramen magnum in the 
midline. 
Comparisons between primates and modern humans have found that flexion is greater 





Henneberg, 1995). Furthermore, Lieberman et al., 2000 found that, contrary to earlier beliefs, 
flexion in primates does not steadily increase during evolution. Instead, it has been found that 
some primates lineages show increases in cranial base flexion.  
Cranial base flexion has been defined in a number of different ways. In orthodontic 
research, this angle is typically measured as the angle between basion, sella and nasion. This 
measures the angle between the anterior and posterior cranial base, with the angle being at the 
midpoint of the pituitary fossa. Other researchers have considered other landmarks in 
establishing cranial base flexion; for example, Bolton point- sella- nasion (Broadbent Sr et al., 
1975) or basion- sella-internal frontal bone (George, 1978). Figure 1 lists the numerous angles 
that researchers have used to measure cranial base flexion. This list is by no mean exhaustive, 
but shows the amount of study that has been invested into the measurement of cranial base 
flexion. As can be seen from the figure, the most commonly used angle in the literature is 
the angle between the landmarks basion, sella and nasion. Other angles have been used by 
a number of authors, but most are used in only one or two studies. The studies using the 
cranial base a reference will depend on the landmarks used in each analysis. Most studies 
propose reasons for selecting particular combinations of landmarks, but few have tested the 















Figure 1: Cranial base angle measured in the literature. Lines used to create the angles of 
cranial base flexion 
 
                                 
 
The angle Basion-sella-nasion was the most commonly used angle of cranial base flexion.  
 
2.6 Relationships between the cranial base angle and maxillo-facial disharmonies  
A similar type of maxillo/mandibular disharmony, or specific type of malocclusion, 
may be developed under different craniofacial configurations, resulting from different 
developmental processes. In biological terms, it can be said that class malocclusion is not a 
homologous feature. That is, ‘‘functionally’’ similar malocclusion patterns may result from 
different structural designs. Therefore, if the craniofacial configuration is depicted as etiology 
of different malocclusion, it would be of a great help at the time of understanding and 






From an epidemiological point of view, a major prevalence of certain malocclusions is 
known to be associated to ethnic groups, Class III in Asian populations, Class I in Africans or 
Class II in Europeans–Caucasians. Isolation and genetic uniformity has traditionally led to 
individuals with similar inter-maxillary relations.  A number of studies have attempted to 
identify craniofacial differences between the classes of malocclusion. Hopkin et al., (1968), 
using articulare to represent the posterior limit of the cranial base, described a linear 
relationship between the cranial base angle and prognathism with the angle systematically 
reducing from Class II, via Class I, to Class III individuals. The sample consisted of 46 boys 
and 50 girls (age range 10.24–11 years) in each of the four classes of malocclusion 
categorized using Angle’s classification. 
Kerr and Hirst (1987), in a longitudinal cephalometric study using a sample of 85 
children from the Belfast Growth Study, found the cranial base angle to be the best 
discriminator between Angle’s Class I and Class II cases. They also stated that the cranial 
base angle at age five years was an accurate predictor of the eventual occlusal type of the 
patient at age 15 in approximately 73% of patients. Kerr and Adams (1988) subdivided a 
sample of 124 men (mean age range 10.15–10.37 years) on the basis of incisor occlusion and 
showed a trend of reducing cranial base angles from class II toward class III malocclusion. 
However, Bacon et al., (1992), using a mixed sex sample of eighty-six 10–12 year olds 
selected on the basis of molar occlusion and ANB angle, concluded that although there was a 
relationship between cranial base morphology and class II malocclusion, the contribution of 
the cranial base was limited.  
Dibbets (1996) found the cranial base angle (Ba–S–N) was reduced and the legs (S–N) 
and (S–Ba) were shortened systematically from class II, via class I, to class III malocclusions, 
although the mandible exhibited no systematic difference between these three classes. The 
material consisted of cephalograms of 170 children divided into the Angle’s classes of 
malocclusion. The distribution of the sample was heavily weighted toward class II (69%) with 
a mean age of 12.5 years. 
More recently, Baccetti et al., (1997) concluded that the glenoid fossa was more 
posteriorly positioned in class II than in class III subjects, whereas Singh et al., (1997) found a 





Other workers have presented contradictory evidence and are listed below. 
Renfroe (1948) with a total sample size of 95 subjects could find no correlation 
between the cranial base angle and Angle’s class I or class II malocclusion.  
Menezes (1974) and Wilhelm et al., (2001) were also unable to confirm a link between 
cranial base angle and a class II pattern.  
Anderson and Popovich (1983), using material from the Burlington Growth Center, 
found that large cranial base angles were associated with class II malocclusion, but small 
angles were related to Angle’s class I, rather than class III subjects.  
Gilmore (1950), using a sample of adults ranging from 16 to 42 years of age, 
suggested that class II subjects had smaller mandibles than class I subjects.  
Guyer et al., (1986) used a cross-sectional sample selected on the basis of a class III 
molar relationship on cephalometric radiographs to compare with a longitudinal class I 
sample from the Bolton-Brush study. They also found no association between cranial base 
angle and type of malocclusion.  
Similarly, Battagel (1993), using tensor analysis on a sample of 64 children classified 
using the British Standards Institution incisor method, was unable to show significant 
differences between the cranial base morphology of Class I and Class III cases, which led her 
to conclude that the relationship between cranial base morphology and class III malocclusion 
was tentative. The class III cases in this study were all classified as suitable for treatment by 
orthodontics alone. Clearly the cranial base angle is not the only factor involved in 
determining malocclusion.  
Scott (1967) suggested that a number of factors determine or influence static jaw 
position and, consequently, the degree of prognathism in individual cases. These factors 
included the cranial base angle, the extent to which the mandible and maxilla moved forward 
in relation to the cranium and the amount of surface bone deposition along the facial profile 
from nasion to menton.  
In view of the conflicting evidence, a three dimensional study was conducted to 




































CHAPTER III: ASSESSMENT OF MAXILLO-FACIAL 
DISHARMONIES AND ASYMMETRY 
 
Sur le plan épidémiologique on retiendra la fréquence de l’asymétrie faciale (25 à 
35%) et la prédominance de l’excès droit (déviation à gauche 85%). On retiendra le lien avec 
les pathologies antéropostérieures avec une fréquence dominante dans les cas de Classe III ; 
on retiendra enfin l’accentuation de l’asymétrie avec la fin de la croissance.  
Les méthodes d’évaluations employées sont malheureusement insuffisantes pour une 
approche complète de la dysmorphie : Les photographies de face, les téléradiographies 
frontales, les radiographies basales classiquement utilisées, n’utilisent ni de repères 
anatomiques fiables, ni un plan sagittal de référence bien défini.   
Quelques études à partir de données scanner permettent de préciser la localisation 










CHAPTER III: ASSESSMENT OF MAXILLO-FACIAL 
DISHARMONIES AND ASYMMETRY 
 
Stedman’s medical dictionary defines symmetry as “equality or correspondence in 
form of parts distributed around a center or axis, at the two extremes or poles, on the two 
opposite sides of the body”. When applied to facial morphology, symmetry and balance refer 
to the state of facial equilibrium, the correspondence in size, form and arrangement of facial 
features on the opposite sides of median sagittal plane.  
 
The definition of pathology for asymmetry is easier to define than for the other 
disharmonies, even if measurements are more numerous for anteroposterior vertical or 
transversal.  
 
Thus we will examine in this chapter the problem of measurement mainly for 















3.1 Assessment of the facial asymmetries 
Asymmetry of the craniofacial region was first recorded by an artist “Hasse”. His 
investigation of early Greek statuary revealed that sculptors of the classic area duplicated 
nature which showed slight to moderate asymmetry in the creation of artistic works. Human 
craniofacial investigations carried out by anthropologists Leibrick (1938), Woo and Hellmann 
(1931) showed varying degrees of asymmetry. 
 
The frequency, site and degree of facial laterality give important clues in our 
understanding of the etiology of facial asymmetry and improve our diagnosis and treatment 
plans for patients with dento-facial deformities who are in need of orthodontic treatment or 
orthognathic surgery. Asymmetry of the face is not rare; studies on laterality of the normal 
human skeletal face which employed relatively small sample sizes reported a dominance of 
the right side hemi-face. In regard to patients having skeletal deformities, previous reports 
using larger sample sizes have also documented proportions of facial asymmetry as 34% in 
the United States and 25% in China (Profit, 2000). It is unfortunate, however, that the studies 
did not document in more detail their definitions and measuring methods for skeletal facial 
asymmetry. 
 
Perfect facial symmetry is extremely rare, and normal faces have a degree of 
asymmetry. Laterality is most common on the lower one-third of the face. Severt and 
Proffit (1997) reported that, in patients showing dento-facial deformity including jaw 
deviation, laterality toward the left side was present in more than 85% of their sample. From 
these findings, it can be hypothesized that there is a potential, inherent to humans, which 
induces dominant growth of the right side or hypo-growth on the left side of the face. 
However, a second hypothesis suggests environmental factors unilaterally interfere with jaw 
growth. Both hypothetical models may coexist. Congenital anomalies (such as cleft palates) 
and trauma to the face or the temporo-mandibular joint have been considered causal factors 
that may predispose to the development of facial asymmetry. The dominance of left side 
laterality is seen in subjects without any discernible postnatal factor, which supports the first 
hypothesis. Quantitative measurement of magnitude and direction of laterality in the upper, 






congenital anomalies, or tempo mandibular joint (TMJ) disorder is indispensable to our better 
understanding of human facial asymmetry. 
 
Asymmetry of the facial region is a common finding in a general population and is 
usually without noticeable aesthetic or functional significance. Asymmetry becomes 
important when it affects function aesthetics or social acceptance of an individual. To 
make an objective differentiation between minor and major asymmetry, it is advisable 
to quantify asymmetry. Quantification makes it possible to demonstrate the amount of 
asymmetry for diagnosis purposes, observe development of asymmetry during growth 
and to evaluate treatment results.    
 
The relationship between malocclusion and asymmetry was not supported by the work 
of Letzer and Kronman (1967). However, it is an exception to the many other studies that 
have found a definitive relationship between the two as for example a recent cephalometric 
study documented left sided deviation of the menton from the midline in 60% to 80% of 
patients with skeletal Class III malocclusion who exhibited facial asymmetry.  Perhaps the 
conflicting results found in previous studies can in part be related to the type of radiographic 
analysis performed to determine the presence of asymmetry. Findings from these studies are 
based primarily on postero- anterior radiographic analysis. The most common conventional 
images used for the analysis of craniofacial anomalies are cephalometric, panoramic 
radiographs and therefore, measurements of facial photographs are also used in diagnosis. As 
it is difficult to make a distinction between right and left side anatomical landmarks on a 
lateral cephalometric view, mainly coronal cephalometric radiographs have been used in the 
quantitative assessment of facial asymmetry. The reliability of the quantitative analysis of the 
symmetry factor using coronal cephalometric radiographs is limited. In the coronal 
cephalometric view, it is difficult to identify anatomical landmarks on the posterior part of the 
skull, such as the sella and basion points, because these are overlaid or obscured by the more 
anterior anatomical structures. This means the midsagittal reference plane, based on the 
anatomy of the cranial base, could not be used as the evaluation basis for absolute facial 
asymmetry. For these reasons, it may be difficult to reach any conclusion regarding the 









Recent progress in orthognathic surgery and orthodontic treatment has led to an 
increasing demand for more advanced imaging information including 3D images and, is 
effective for the diagnosis and treatment of patients with maxillofacial deformities. 
Although the accuracy of 3D-CT measurements is sufficiently high, but unfortunately 
there is no well-established 3D evaluation analysis for facial asymmetry. 
 
3.2 Overview on the facial asymmetries  
Chin deviation is a common form of facial asymmetry. It usually develops from a 
right and left side difference in ramus length, but there are also other possible causes, such as 
a difference of body length in the mandible. Distinguishing a problem causing structure is 
extremely important in treatment planning, but postero- anterior cephalometry does not 
always provide accurate information, even with the aid of lateral and submentovertex 
projections. Conventional radiographic images can be misleading in interpreting the cause of 
the deviation because complex 3-dimensional (3D) structures are projected into flat 2-
dimensional (2D) surfaces, creating possible distortion of the images and subsequent 
magnification errors.  
 
The development of computed tomography (CT) has greatly reduced the possibility of 
these errors and improved our ability to understand the 3D nature of facial structures. In 
addition, recently introduced 3D CT software enables 3D reconstruction and accurate 
measurement of the maxillofacial complex. Exact measurement is the key element in 
evaluating asymmetry: 3D images can provide accurate and detailed information for the 
diagnosis and treatment planning of facial asymmetry by means of quantitative 
measurement and comparison between the right and left sides of the structures. These 
3D images are easily rotated and viewed from any angle. This rotating function enables us to 
precisely analyze asymmetrical facial structures and to clearly visualize structures that cannot 








Shah and Joshi (1978) studied postero-anterior cephalograms of 43 Indian subjects 
with the age ranging from 18 to 25 years. They observed that even normal pleasing and 
symmetrical faces exhibited skeletal asymmetry suggesting that soft tissue in such cases tried 
to minimize underlying asymmetry. Total facial structure was found to be bigger on right 
side. Asymmetry of face was found to be present even in the presence of excellent 
occlusion with coinciding midlines.  
 
Farkas and Cheung (1981) carried out a study on 308 normal Caucasian children in 
three age groups, 6 years old, 12 years old and 18 years old in order to evaluate the degrees of 
subtle asymmetry using anthropometrics. In their study asymmetry was found to be a 
common finding but average differences between right and left measurements were mild 
(3mm or 3%) with the right side being larger.  
 
Peck et al., (1990) analyzed potero-anterior cephalograms of 52 exceptionally well 
balanced adult faces with the age range from 15 to 46 years to assess if any skeletal 
asymmetry was present. These studies validated the use of latero-superior orbital as a stable 
cranial reference point. Also they found that among well balanced faces, strongest association 
in symmetry was between zygion and gonion as these two parameters related anatomically 
through dental occlusion. 
 
Melnik (1992) studied  a sample from serial controls of Burlington Growth Centre, 
using longitudinal records of males and females at ages of 6,9,12,12,14, and 16 years.  They 
found that there existed a noticeable growth trend from left sided to right sided dominance in 
mean mandible length of both sexes. They also found that 6 years of age in males, left side of 
mandible was larger on average. At ages of 12 and 14 years in males there were no 
significance difference and by 16 years right side became longer. In females right side became 
longer than the left by 12 years of age, mean mandible length for males was greater than that 








3.3 Three Dimensional Method for evaluating asymmetries 
 
3.3.1 Review of the Method for evaluating asymmetries  
The literature describes several methods to evaluate the asymmetry: the photographic 
evaluation, the postero-anterior cephalometric radiography, the submentovertex radiographs 
and the three dimensional techniques.  
The Photographic evaluation was used by Farkas and Cheung (1981) and called 
“anthropometrics”. This method defines harmony or disharmony and observed that 
asymmetry does not lie within angles, distances, lines, surfaces or volumes, they arise from 
proportions. The asymmetry is evaluated on the full face in vertical horizontal and sagittal 
directions followed by the evaluation of upper, middle and lower thirds of face separately.  
Ferrario et al., (1993) studied frontal and lateral oriented profiles photographs of 108 healthy 
young adults. They concluded that both sexes were generally symmetrical. People who were 
asymmetric compensated for their appearance by changing their head posture relative to 
ground.  
 
Recent work has demonstrated standardized photography to be as useful clinically 
(Edler and al., 2001) in the assessment of a base asymmetry in patients with cleft lip and 
palate. Greenhill and al. (2000) designed computer software to assess asymmetry of the 
mandibular outline from photographs. 
 
The Postero- Anterior cephalometric evaluation was described by several studies.  
Chebib and Chamma (1981) studied the asymmetry by using 8 midline and 12 bilateral pairs 
of landmarks. While, Grummons Analysis (1987) consist of three parts, first of 4 horizontal 
plans to show the degree of parallelism and symmetry of the facial structures, second a 
midsagittal reference line to study the chin area which permit the study of the mandible 







Chebib and Chamma (1981) recognized the need for an index of facial asymmetry, 
and described the use of a two-axis coordinate system and its application via a computer 
program, developed for use on postero-anterior (PA) radiographs. Indeed the PA cephalogram 
has been widely reported in the literature as being beneficial in the assessment of both 
mandibular and facial asymmetry, with a multiplicity of analyses used (Mulick, 1965 ; Letzer 
and Kronman, 1967 ; Solow, 1966 ; Vig and Hewitt, 1975 ; Shah and Joshi, 1978 ; Cook, 
1980; Chebib and Chamma, 1981). Methods of analysis of PA cephalograms have been 
described to quantitatively evaluate vertical, transverse and sagittal dimensions of the 
craniofacial complex (Ricketts, 1981; Grummons and Kappayne, 1987). However, routine use 
of measurements taken from the PA cephalogram has been limited, mainly due to difficulty in 
landmark identification (Cook, 1980; Perttiniemi et al., 1994). Similarly, other radiographic 
films that have been used in the assessment of mandibular asymmetry, such as the 
submentovertex, have been criticized (Peck et al., 1991). 
   
The Submentovertex radiographs, was used by Forsbeg et al., (1984) to assess 
asymmetry. They used three reference systems for evaluation; cranial base reference system, 
mandible reference system and maxillary reference system. The mean values for the sample 
indicated left side dominance. The study advised that since mandible is a movable bone, it 
was important that the films be taken in centric relation. The greater the accuracy in 
determining centric relation better was the evaluation of mandible asymmetry in 
relation to maxilla and cranial base.   
 
In conclusion, based on the results of Mangonry et al., (1987) where they analyzed the 
reliability of landmarks identification in postero- anterior cephalogram, the results showed 
that the skeletal landmarks were more reliable than the dental landmarks for the study 
of asymmetry. Profit (2000) observed also, that the primary indication of postero-anterior 
cephalogram was the assessment of asymmetry. Profit concluded that the postero-anterior 
cephalogram had certain limitation as the measurements were subject to error that may 








The facial architecture is a complex 3-dimensional (3D) structure projected into flat 2-
dimensional (2D) surfaces; this may influence the diagnosis, the treatment planning as well. 
Also, for the mandible, the asymmetry could not be assessed in the postero-anterior dimension 
on postero- anterior cephalograms. An advanced technique based on three dimensional 
images and analysis would solve this problem and lead to an advance in studying this 
pathology. The newer technique should not take account only of qualitative analysis but also 
based on a quantification of this asymmetry.   
 
3.3.2. Three dimensional Methods 
As facial asymmetry can be resolved in transverse, vertical and sagittal direction, a 
three dimensional method would help to assess components accurately. Other methods 
described in the literature include comparison of anthropometrical measurements, and three-
dimensional methods such as stereophotogrammetry. A variety of three-dimensional scanning 
techniques could be considered for this type of study (Ferrario et al., 1994), but currently, 
access to the facilities would limit the majority of clinicians from using the method. 
Maeda et al., (2006) in their studies: 3D-CT evaluation of facial asymmetry in patients 
with maxilo-facial deformities, aimed to suggest a classification system for facial asymmetry 
based on 3-dimensional-computed tomography (3D-CT) evaluation for 49 patients with 
maxillofacial deformities. Asymmetry indices were calculated for some landmarks in the 
maxilla, mandibular body and the mandibular ramus regions. They concluded that 
asymmetry was observed most frequently in the mandibular body region; the 
mandibular region showed the highest incidence of positive asymmetry, 80% of the 
asymmetry was solely observed in the mandible, and the maxilla and mandible were 
involved in the remaining 20% of the cases.  The 3D-CT classification for facial asymmetry 
has the potential to replace the conventional cephalometric classification. Conversely, the 3D-
CT allows us to measure absolute dimensions and to produce three-dimensional coordinates.  
Grayson et al., (1983) developed a method to define and measure facial deformities by 
integrating the findings of postero- anterior cephalogram and basilar views into a 
cephalometric analysis. Three separate tracings were made on same basilar radiograph 






craniofacial structures were most severely deviated from median sagittal plane at the level of 
mandible and the severity of asymmetry decreased in a cephalic direction. 
Cavalcanti et al. (1999) indicated that there were no statistically significant differences 
between measurements in three-dimensional CT and physical measurements in vitro, 
demonstrating the accuracy of the technique. Three-dimensional CT analysis can be an 
excellent tool in identifying the major causes of asymmetry, of chin point deviation and 
in designing a treatment plan for orthognathic surgery and orthodontic treatment as 
well.  
Treil et al., (2002) and Faure et al. (2002) propose the use of a tridimensional 
systematic analyze for the study and diagnosis of asymmetry. 
 
3.4 Assessment of maxillo-facial disharmonies 
3.4.1. Appreciation malocclusions 
The appreciation of malocclusion brings the dental community to an “almost 
consensus”. The ideal upper/lower relationship called Angle class I relation ship is commonly 
accepted by everybody with mainly: 
• Angle molar Class I relationship. 
• Angle canine Class I relationship. 
• Overjet and Overbite 2 mm/2 mm. 
• Lateral Intercuspidation. 
Even if different shades distinguish the different occlusodontic schools (Andrews’s key 
determined by 5/5-6 contact point in spite of molar class I relationship; dynamic relationship 
with canine guide for Slavicek school, Tweed occlusion…) a consensus around Angle 
definition is the dominant opinion. So the pathology begins with a discrepancy versus class I 
in the occlusal relationship. According to the common language we speak of “full 
malocclusion” (for example: full class II), when the discrepancy reaches one tooth width (5-7 








3.4.2 Appreciation of of maxillo-facial disharmonies 
The divergence of opinions starts with appreciation of disharmonies. There is a 
consensus of course to accept as a reference, the medium morphology, according to the ethnic 
group. But where begins the pathology? 
A primary idea commonly accepted is considering the normality between the mean 
values of the parameter +/- the standard deviation, but the debate remains open. Here again 
the literature gives mainly works based on the 2D profile analyses, which gives few 
information about transversal problems and asymmetries. We underlined the theoretical 
problems but we do not want to develop far ahead the exam of methods of measurements, 
therapeutics limits, epidemiologic data, etc. 
We know this belongs to the orthodontic common background, and we only refer to 
these usual antero-posterior and vertical data, as a tool of second row. 
 
3.5 Facial asymmetries and  maxillofacial disharmonies  
There is little information in the literature as to the relationship between asymmetry 
and skeletal pattern, from either the antero- posterior or vertical aspect. Facial asymmetry is 
concomitantly observed in 21 to 67% of patients who complain of protraction or retraction of 
the jaws. Mandible asymmetry has been suggested to be caused by trauma, degenerative joint 
disease, juvenile rheumatoid arthritis, and condylar hypoplasia or hyperplasia. Mouth 
breathing and sucking habits also have been associated with changes in the shape of the 
mandible. The suggestion has also been made of dental malocclusion as an etiologic factor in 
the development of mandible asymmetry. 
 
How much facial asymmetry requires treatment? And the most important 
feature is the definition of the reference plane which can have a significant effect on 
asymmetric or symmetric diagnosis.  
 
Patients with dento-facial deformity more frequently have asymmetry of the face and 






asymmetry in patients with a Class III skeletal discrepancy (Reyneke et al., 1997). Severt and 
Proffit (1997) retrospective study of orthognathic patients identified those with Class II 
skeletal patterns as being the least asymmetric. There was a relationship between the type of 
malocclusion and the prevalence of asymmetry; 28% of the Class III group, Class II and long 
face groups respectively, were asymmetric. Mandibular asymmetry has been shown to 
alter during mandibular growth, and longitudinal studies have shown that it can be 
variable over time (Melnik, 1992). This was disputed by Ferrario et al., (1995) who found no 
relationship between age and mandibular asymmetry, but this may be a result of the much 
different aetiology of asymmetries.  
 
Haraguchi et al. (2002) attributed this inconsistency in the literature to the different 
research methods used in investigating mandibular asymmetry. Quantitative measurement of 
the degree of mandibular asymmetry is important, both in the initial assessment of an 
individual patient and particularly for monitoring patients over time, to be able to accurately 
record the degree of any change in asymmetry through growth or treatment. Quantification of 
mandibular asymmetry is also essential in auditing the results of treatment methods and for 
research purposes. It would also be helpful for clinicians to be able to grade asymmetry, as is 
currently undertaken for other dimensions of skeletal and dental discrepancy.  
 
Brian L’O Bryn et al., (1995) studied a sample of 56 subjects with Class II sub-
division malocclusion compared to normal occlusion. Linear measurements were obtained 
from lateral cephalogram in the addition to dental models. The results suggested that there is a 
significant discrimination between the two groups with variables describing asymmetry of the 
dento-alveolar region of the mandible appearing to be the primary contributor to the 
difference and that the maxillary dento-alveolar region to be the secondary contributor.  
Haraguchi et al., (2002) studied the frequency; site, amount and direction of the facial 
asymmetry in human adults with mandibular prognathism who had skeletal Class III 
malocclusion were examined. Results showed that facial asymmetry was found frequently 
and most obvious in the lower jaw.  Lateral displacement toward the left side of the face 
occurred more often than the right-sided deviation. In their study on 1800 Japanese 
subjects demonstrate that 79.3% of subjects with chin deviation showed left-sided laterality 






Severt and Profit (1997), in a retrospective survey of 1,460 patients evaluated in the 
Dentofacial Clinic at the University of North Carolina, 495 (34%) were found to have 
clinically apparent facial asymmetry. When present, asymmetry affected chin in 74%. The 
occlusal plane was canted, indicating vertical asymmetry, in 41%. Patients with Class II 
problems, whether or not due to mandibular deficiency, had a 28% prevalence of asymmetry; 
those with other types of problems (e.g., Class III, long face, Class I) had a 40% prevalence, 
which is significantly higher than those with Class II occlusions. When the chin deviated 
transversely, there was an 80% chance that the deviation was to the left. Only in patients 
with long face was there an equal distribution of left-right chin asymmetry. In the other 
groups, the prevalence of deviation of the chin to the left approached 90%. These findings 
are meaningful for clinicians because asymmetry must be identified and planned for 
prior to initiating treatment. 
 
The purposes of this work were to characterize the symmetrical features of 
patients with maxillo-facial deformities in comparison normal subjects and to 
characterize the facial asymmetry based on 3D-CT evaluation, which therefore can have 
a direct influence on the treatment planning of orthodontic or orthognathic surgery 
treatment.  We have therefore developed a 3D methodology based on three-dimensional 
coordinate landmarks taken on CT scans to determine the localization and degree of 


















































CHAPTER IV: AIMS OF THE STUDY 
 
Le premier but de ce travail est de déterminer une méthode pour caractériser avec 
précision la forme basi-crânienne et la morphologie maxillo-faciale, puis d’appliquer cette 
méthode à l’étude des relations entre forme basi-crânienne et schéma maxillo-facial et/ou 
malocclusion. 
 
L’emploi de la morphométrie géométrique constitue la méthode souveraine ; nous 
l’avons bien sur appliquée à l’étude des formes basi-crâniennes et de leurs relations avec les 
pathologies maxillo-faciales et/ou occlusales. 
 
Le second but est l’analyse précise des dysharmonies maxillo-faciales associées aux 
différentes malocclusions. Nous utilisons ici une méthode d’analyse tridimensionnelle mise au 
point à Toulouse (Treil et Faure) ; elle permet une description précise des dysharmonies, une 
analyse des liens existant entre les différentes pathologies, une proposition de valeurs-seuils 
















CHAPTER IV: AIMS OF THE STUDY 
 
This work is aiming two mains targets: 
 
• The application of a 3D method to characterize the basicranial shape and the 
maxillo-facial morphology, and to explore the relationship between basicranial 
configuration and maxillo-facial disharmonies.  
The use of morphometric geometric tools is the optimal process 
and we can analyze by the same method relationship of 
disharmonies between themselves mainly between asymmetry and 
other pathologies. 
 
• The description of the different disharmonies (antero-posterior, vertical, 
transversal and asymmetry).  For that the use of a specific 3D analysis developed 
in Toulouse Orthodontic department were necessary to quantify the pathology, 




4.1 Basi-cranial shape and maxillo-facial shape: Morphometric Geometric 
Techniques  
 
A number of authors have suggested that there is a relationship between the degree of 
cranial base flexion and type of maxillo-facial disharmonies, with the basicranial angle 
becoming increasingly obtuse from Class III through Class I to Class II subjects and it appears 
that a comprehensive analysis of the correlation between basicranial flexion and maxillo-
facial shape has not been yet accomplished. Studies have focused more often on only one 
pathologic occlusion, as Class III for example. 
 
The differences between results shown upon today are due to the measurements 






two dimensional angle as a degree of angulations, describing and representing in sagittal plan 
a three-dimensional structure. 
 
These goals may be accomplished by combining different approaches:   
By using geometric morphometric method, this work will investigate morphologic 
characteristics of the cranial base in different types of malocclusion; identify the facial 
differences and to study the asymmetry. If significant differences between facial morphologies are 
found, anatomical alterations will be localized graphically.  
 
This study capitalizes on newer morphometric techniques which normalize geometric 
areas, thus eliminating the confounding effects introduced by size differences between individuals.  
 
This work will: 
 
• Define the “flexion” of cranial base in three-dimensional orientation by 
selecting a set of landmarks in the three-dimensional space, each of 
them affected of three-parameters (X, Y, Z) located in the base of the 
brain and to gather three-dimensional data on basicranial configuration. 
• Define the facial architecture we intend to select a set of landmarks in 
the three-dimensional space, each of them affected of three-parameters 
(X, Y, Z) located in the face to permit an accurate study of the 
asymmetry among different types of maxillo-facial disharmonies.  
• The use of morphometric geometric reconstruction and superimposition 
to describe the basicranial configuration and facial architecture among 
different types of malocclusion.  










The main questions to treat:  
 
In this first part we will treat of main questions or hypotheses to be tested. These are 
constructed on the basis of the literature information and evidence reviewed in the previous 
chapters. Since the variation in the literature record may be very subtle, it is considered 
necessary to study as much available data as possible so that informed hypotheses may be 
constructed on significant results and methods.  
 
 
Question 1: The first question centers on the three dimensional definition of cranial 
base configuration, to get a tridimensional description related to anatomical truth. 
 
 
Question 2: The second question, centers on the cranial base configuration. The 
cranial base configuration has previously been described as correlated to malocclusion. It was 
discussed early by Renfroe, Moss, and Ricketts. This study tried to evaluate the similarity or 
difference of the cranial base shape in the different types of maxillo facial disharmonies. The 
null hypothesis to test: the cranial base configuration is similar in different types of 
malocclusion and is therefore not recognized to be an etiologic factor of malocclusion. 
 
Question 3: The purposes of this third question were to characterize the symmetrical 
features of patients with facial deformities in comparison with normal subjects and to suggest 
a reference three dimensional plan for the classification system for facial asymmetry based on 
3D-CT evaluation. 
 
Depending on the bibliography, the main issues concerning asymmetry are: 







• In which locations identified by the 3D landmarks the asymmetry is located 
and related to which orthodontic pathology? Then we can evaluate the 
relation and specify of each malocclusion which can help in the diagnosis 
and treatment plan as well. 
 
• What is the frequency of facial asymmetry and the relation to maxillofacial 
deformities? 
 
• Does it have any predominance regarding lower jaw than the upper jaw? 
 
• Does it occur more often in a side then the other? 
 
4.2. Maxillo-facial disharmonies and malocclusion: 3D analysis Faure & Treil   
 
The known results about maxillo-facial disharmonies are supported only by 2D profile 
analysis and models exams. These processes are incapable to analyze two kinds of pathology:  
• Transversal pathology  
• Asymmetry: obviously transversal deviations are not visible on lateral 
radiographies; furthermore we cannot read precisely on the lateral 
radiographies the anteroposterior or vertical asymmetries because of 
right left anatomy superimposition.  
  
Among four great types of pathology, only two can be analyzed with conventional 
methods:anteroposterior and vertical problems; and among six possible relationship 
(anteroposterior/transversal, anteroposterior/asymmetry, anteroposterior/vertical…) only one 









The aims of this part are:  
• To specify the four main pathology and for each one the level of 
imbalance (architectural, basic, alveolar), the other directions 
implicated, the pathological limit, the surgical limit.  
 
• To analyze the inter-pathologies relationships. 
 
• To try to understand pathogenic process.    
 
 























CHAPTER V: MATERIALS AND METHODS 
 
Echantillons et sous-échantillons 
Un programme de recherche sur le dépistage, le suivi et le traitement des cas 
chirurgicaux ou « limite chirurgicale » financé par l’URCAM, a permis la sélection d’un 
grand nombre de patients présentant des pathologies extrêmes. Ces patients ont tous bénéficié 
d’un scanner crânien. Ils ont été classés par dysmorphies : Classe II division 1, 62 sujets ; 
Classe II division 2, 62 sujets ; Classe III, 62 sujets ; Asymétrie, 126 sujets. 
L’échantillon de référence (62 sujets) étant composé de patients présentant une 
collusion standard et ayant bénéficié d’un scanner crânien pour des raisons ORL. 
Pour l’étude en morphométrie géométrique les données des 374 patients ont été prises 
en compte. Pour l’étude à l’aide des logiciels de la gamme Cépha, qui requiert un temps 
d’analyse très important, nous avons dû réduire les sous-échantillons. 
 
Méthodes 
Le choix de points-repères liés aux trajets des nerfs crâniens s’impose tant au niveau 
basi-crânien qu’au niveau maxillo-facial, en raison de la reproductibilité de leur 
identification et à cause du rôle supposé  d’induction morphogénétique et de guidage des 
structures anatomiques voisines. 
La morphométrie géométrique et les méthodes connexes sont ensuite présentées :  
• Superposition Procuste 
• Analyse TPS, avec ses diagrammes de déformation 
• Tests statistiques de comparaison (Goodall test, Wilk’s lambda test) 
• Matrice des distances et test statistique associé de comparaison des 
matrices de distances 
• Superposition « recalage ». 






L’analyse 3D spécifique utilisée pour l’étude des formes maxillo-faciales est ensuite 
présentée : 
• Son système de points-repères (14 points.) 
• Sa méthode de repérage des structures dentaires par le calcul des 
matrices centrales d’inertie. 
• Sa description anatomique en trois niveaux : architecture/base/arcade 
• Ses repères : maxillo-facial, lié au plan infra-orbital (RHM-LHM-RIO-
LIO) ou repère d’arcade. 
• Ses paramètres classés selon le niveau(3), selon le sens(3) et selon leur 
rapport avec l’asymétrie (2 : sans relation avec l’asymétrie ou paramètre 
d’asymétrie). 
 
Les traitements statistiques utiliseront ici les méthodes standard : tes t de comparaison 
des moyennes (groupe pathologique/groupes de référence) et les corrélations entre les 
différents  paramètres au sein d’un même échantillon. 





































CHAPTER V: MATERIALS AND METHODS 
 
This work does not contain any material which has been accepted for the award 
of any other degree of diploma in any university or other tertiary institution and, to the 
best of my knowledge and belief, it does not contains any material previously published 
or written by another person.  
 
5.1 Material:  Samples and sub-samples   
This work uses cross-sectional samples of computed tomography scans (CTs) (axial 
plane) of 374 subjects of known age listed in the table I, listed by malocclusion categories, 
which undertaken CT scan’s at the Clinic Pasteur. The average age eliminate the growth 
factor as an influence factor in our study.  
The sample is composed of patients who underwent axial CTs performed in the 
Neuroradiology Unit of the Clinique Pasteur, Toulouse (France) between January 2007 and 
January 2009. The control group sample was composed of patients who profited of a cranial 
CT scan for oto-rhino-laryngological reasons (sinusitis). The normal occlusion was 
controlled. The pathological subjects were selected as part of a research program about 
identification and orientation of surgical cases (FAQSV program, financed by URCAM: 
National Medical Insurance Midi Pyrenees). The orthodontists involved in this program 
selected “border line surgery” new patients; according to pre-established inclusion criteria; 
they prescribed a CT scan and referred them to the program for inclusion.  
The sample, therefore, represents a valid reference group for the purposes of this 
study, because it contains a lot of strong malocclusions. The subjects were classified 
depending on specific orthodontics 3D diagnosis established by the use of 3D analysis of 
Treil & Faure as shown in figure 2 on the next page.  
Data for different types of malocclusion showed the expected variations in terms of 
dento-alveolar and skeletal base patterns with the skeletal pattern for each group matching the 





incisor relationship and molar relationship. The variability is relatively related overall to 
malocclusion so we divide the sample into five categories in our analysis.  
The five categories are: Normal occlusion (Class I) which is the control group in 
the study where the Molar are in Class I occlusion figure 3a, Class II Molar relation and 
overjet > 7 mm (Class II division 1) figure 3b, occlusion of deep bite (Class II division 2) 
figure 3c; Class III molar relation and underjet< -1 mm figure 3d; asymmetries of the 
midline incisor > 4 mm (Asymmetry) figure 3e. The diagnosis of the total subjects was 
done on the 3D reconstruction and based on Angle’s classification as shown in Figure 3. 
The analysis by 3D software C2000 and Cepha3DT uses reduced samples because of 
the very important time required for the teeth separate selection and labelisation. This 
reduction was done using a date criterion.   
Last observation: the number of surgical asymmetries given by the program was not 
sufficient; so the asymmetric sample for 3D software C2000 contains mixed some great 
surgical asymmetries and some alveolar only asymmetries. 
 
Table I: Description of the sample of the study. The Samples consisted of 374 subjects 
classified in 5 groups of maxillo-facial disharmonies 






Reduced sample for 
3D C2000 
Faure analysis 
 Class I  13y.1month 62 40 
 Class II div.1  14y.2months 62 40 
 Class IIdiv.2 15y.4months 62 / 
 Class III 15y.6months 62 34 
 Asymmetric  15 years 126 35 
     
     
 
 





Figure 2 : This figure shows the 3D Treil & Faure analysis to the description of the 
malocculsion used in this study. It is a 3D study based on the use of 14 landmarks describing 
the facial architecture and the arches. Studying the frontal, the two lateral and the basic view, 
complete analysis is established and conclusion regarding skelettal pattern, alveolo-dental 
relation, symmetrical feature in the three directions (anteroposterior vertical and transversal)  
are described.  
From this data, the 2D classical analysis can be deduced like Steiner analysis, Tweed analysis 























Using C2000 software package, a 3D reconstruction was conducted to control the 
classification of the subjects of the study in the five groups of malocclusion as describe by 
Angles Classification. The subjects were then analyzed in 3D Faure analysis to describe the 
skeletal pattern. The Angle classification based on the first molar position of the respective 
dental arches was used to describe the samples and sub-samples as follows: The figure 3 
illustrates the different sub-samples: respectively, class I, class II division 1, class II division 
II, Class III (figures 3a, b, c and d), and two cases to illustrate asymmetric sub-sample (figures 
3e1 et 3e2). Asymmetric malocclusion is classified on the basis of midline deviation > 4 mm. 
Our sample of asymmetrical cases is constituted by a very few cases results of trauma injury; 
those cases are limited in our study. In another hand non traumatic cases of asymmetry are 
illustrated and constitute more than 90% of the sample. So we illustrate the two types of 
asymmetry. 
 
Figure 3: Illustration of the five sub-samples of the study. The description of the selection 
criteria is precise to each sample. 
• Figure 3a Class I control group (62 subjects): The mesio-vestibular cusp of the 
maxillary first permanent molar is aligned with the mesio-vestibular groove of the 
mandibular first permanent molar. The upper cuspid is in connection with lower 
cuspid/premolar contact point. The incisors are in standard overjet/overbite, 2 mm/2 
























Figure 3b Class II division 1 malocclusion (62 subjects): The mesio-vestibular cusp of 
the maxillary first permanent molar articulates mesial to the mesio-vestibular groove of the 
mandibular first permanent molar. There is excessive “vestibulo-version” of the upper 
anterior dentition. The sub sample of Class II division 1 malocclusion is similar to the one 
illustrated below matching the same skeletal pattern of extreme cases “border line surgery” 














Figure 3c Class II division 2 malocclusion (62 subjects): The mesio-vestibular cusp of 
the maxillary first permanent molar articulates mesial to the mesio-vestibular groove of the 
mandibular first permanent molar. There is excessive lingual version of the anterior upper 
dentition. The occlusal 3D reconstruction shows a typical Class II division 2 malocclusion: 
anterior deck biss, full Class II Molar and Class II Canine.  In this case the supraclusion is not 
present, but the patient shows the specific anterior relationship with a upper incisors palate-


















Figure 3d Class III malocclusion (62 subjects): The mesio-vestibular cusp of the 
maxillary first permanent molar articulates distal to the mesio-vestibular groove of the 
mandibular first permanent molar. The clinical aspect of this subject of the Class III sample is 
typical: concave profile, lower lip protrusion, chins protrusion, vertical linear augmentation, 
















Figure 3e: Asymetric sample(124 subjects) 
3e.1 Trauma case of asymmetry  
This subject illustrates a trauma injury clinically manifested an asymmetry to the right 
side. The asymmetry doesn’t follow the common finding, but the chin deviation is to the right 
side opposite to the trauma (left side). The 3D occlusal reconstruction shows a classical case 
of asymmetry by access of left hemi-face: chin deviation on the right side, lowering and 
advancement of anterior lower left landmarks. The maxilla-facial architecture is modified in 

















3e.2 Non traumatic case of asymmetry 
 This subject illustrates an asymmetry with no evident cause (trauma, unilateral 
disease, etc.), and we can calcified by “normal growth error”.  The 3D occlusal reconstruction 
shows the excess of the right hemi-mandible with left deviation of the chin, lowering and 
advancement of right lower landmarks. The 3D reconstruction reveals a left deviation 
asymmetry by excess of right hemi-face. This asymmetry is classically associated with Class 
III Skeletal and “hyperdivergence” typology.  
            


























































































5.2 Methods  
 
This section will present the method used for testing the hypothesis. We will discuss the 
choice of the landmarks and the methods.   
A three dimensional study must be carried out to examine the role of the cranial 
base angle in the various groups of maxillo-facial disharmonies as classified by the 
Angle’s Classification. Despite the interest of our research on the three dimensional 
quantification of the cranial base angulations, we will concentrate on the postnatal 
ontogeny of the basicranium represented by a configuration of landmarks located in the 
base of the brain. All landmarks correspond to the trigeminal nerve.  
 
Then the first part of the study will discuss two main issues, which we believe 
require further research:  
 
• A new 3D definition of cranial base configuration and facial architecture is 
established by choosing 3D bilateral landmarks. 
• The analysis using morphometric geometric which will led to a modest 
renaissance of research on cranial base morphology, the facial architecture and 
their relations with the pathologic occlusions represented by 5 groups based on 
molar relations and incisor relations.  
   
5.2.1 Landmarks description and identification  
 
The landmarks are related with trigeminal design (figure 4) and the neurological 
drawing is supposed to give the primitive frame work of posterior mesenchymatic 
development, according to Moss theory.  
The anatomical locations of twenty two bilateral skeletal landmarks and two median points 
(Figure 5 and 6, table III) are selected on axial CTs with their Cartesian 3D coordinates using 
« Amira 4.0 software » ©.  





Figure 4: The landmarks for the basicranial configuration and facial architecture are related 
with trigeminal design.  
                          
The landmarks represent cranial base configuration and facial architecture. The 
landmark was expressed as a 3D point on the CT scan in three orthogonal planes: sagittal, 
axial and coronal; each landmark is affected by three Cartesian coordinates (X, Y and Z).  
The landmarks are: (1) FSO (R) and (L):  The Supraorbital fissure right and left , at the 
level of the optic foramen, is very close to the posterior margin of the anterior fossa and to the 
superior/medial part of the middle fossa; the Foramen Rotundum FR (R) and (L):  (2) and 
Oval Foramen FO (R) and (L) (3) foramina located, respectively, on the anterior/medial, and 
inferior parts of the middle fossa; (4) Gasserian or trijeminal impression (R) and (L) the 
trigeminal impression, at the anterior part of the posterior fossa; (5) Hyp (R) and (L) the 
middle of the hypoglossal canal, above and lateral to the foramen magnum; (6), Supra-obital 
canal SO (R) and (L) ; (7), Infra-orbital IO canal (R) and (L); (8), Mental foramen (L) and 
(R); (9) Head of the Meallus HM (R) and (L); the Great Palatal foramen(L) and (R )(10) , the 





Mandibular foramen(L) and (R )(11) and the Naso-Palatal ostia (upper and lower) (12) 
complete the list. 
• The first 5 bilateral landmarks belong to the cranial base (10 points). 
• From 6 to 9, the landmarks described the maxillo-facial envelop (8 
primary points of Treil). 
• From 6 to 12 we find the points describing more completely the maxillo-
facial morphology (14 points Treil’s model). 
 
    All these landmarks are located on the main skeletal pathways of the trigeminal 
and hypoglossal nerves.  
 
Figure 5: Identification process: The landmarks used may be identified on the CT Scan. In 
this figure some of the basicranial landmarks and maxilla and mandible basis points, the 
trigeminal impression, the Foramen Rotundum, the Foramen Oval, the Supra-orbital fissure. 







Table II: This table listed the basicranial and maxilla-facial architecture landmarks definition, 
abbreviation and location used ofr the definition of cranial base configuration and facial 
architecture.   
Landmarks Abbreviation Location 
Supra orbital Fissure Right & Left FSO R & L At the level of the optic foramen
Foramen Round Right & Left FR R & L On the anterior/medial part of the middle fossa
Foramen Oval Right & Left FO R & L On the inferior part of the posterior fossa
Trigeminal Impression Right & Left Ga R & L On the anterior part of the posterior fossa
Hypoglossal Canal Right & Left Hyp. R & L Above and lateral to the foramen magnum 
Supraorbital Right & Left SO M R & L Supraorbital foramen
Infraorbital Right & Left IO M R & L Infraorbital foramen
Head of Malleus Right & Left HM R & L Head of malleus











Two 3D landmark configurations, or blocks, basicranial configuration and facial 
architecture are separated by the plane joining the two infra orbital fissures and the two 
round foramina (corresponding to the so-called “posterior maxillary plane” defined by 
Enlow, 1990). 
The facial block comprises the supraorbital, infraorbital, head of the malleus and 
mental landmarks. The basicranial block comprises hypoglossal canal, trigeminal 
impression, round foramen, supraorbital fissure, and the oval foramen landmarks. 
A specific block will be of interest for the study of dysharmonies and 
malocclusions; it includes four couples of basic points (Great Palatal, Naso-palatal, 
Mandibular Foramen, Mental) 
The identification and location of landmarks is done directly on the scan axial slide 
(fig 5, 7 and 9). 
The basicranial 3D configuration is indicative of basicranial “flexure” and is 
represented by connecting all landmarks as illustrated in figure 6.  
The facial 3D configuration is indicative of facial architecture and is represented by 
connecting all landmarks as illustrated in figure 8. 
 






Figure 6: Three dimensional reconstruction of five bilateral landmarks defining a basicranial 
shape configuration. The landmarks on the figure are indentified by numbers as follow: 
Numbers: 4, Supra-orbital fissure R and L; 5, Foramen Rotundum R and L; 6, Foramen Oval 
R and L; 7, Trigeminal impression or Gasserian R and L; 8, Hypoglossal canal R and L. 
The basicranial shape configuration is established by connecting the five bilateral 












Figure 7: The figure illustrated the identification of the cranial base landmarks identified on 
the axial CT Scan. We can identify in this figure the Supra-orbital fissure, the Oval Foramen 
and the Foramen Rotundum. 





Figure 8: Three dimensional reconstruction of four bilateral landmarks defining the 
architecture shape configuration. The landmarks identified are Supra orbital foramen SO R 
and L; the Infra orbital foramen IO R and L; the Mental foramen M R and L; the Head of the 
Malleus HM r and L. The facial architecture is obtained by connecting the four landmarks 
together and constitutes the facial architecture of 8 points admitted by Treil in his primary 3D 
analysis. 







Figure 9: The figure illustrated the identification of the four facial landmarks defining the 
facial architecture identified on the axial CT Scan. From the left, the mental followed by the 
Infra-orbital, then the supra-orbitale and finally the Head of the Malleus.  












Basicranial and facial architecture landmarks employed for this study are 
illustrated in figure 6 and 8. Illustration of overall cranial base and facial architecture 
configuration derived from connecting landmarks employed between them and tracing a 
biological shape describe to be the most appropriate biological reality of basicranial and 
facial architecture. 
To evaluate the landmarks selection in this work, a repeated selection by the same 
operator will be done. 
Then, the analysis of basicranial and facial architecture changes which occurs in size and 
shape in different groups of malocclusion will be discussed by using different methods: 
• Procrustes superimpositions and Goodall test to appreciate significant differences 
(Bookstein, 1986).  
•  EDMA Euclidean Distance Matrix Analyses (Lele and Ritschmeier, 1991). 
• Superimposition of the biological shape after 3D reconstruction by the use of 
rapidform: to visualize morphological differences. 
• 3D analysis Treil & Faure for the study of Asymmetry and disharmonies: used only 
for maxilla-facial exams, Faure and al., 2002, 2005, 2008 and Treil and al., 2000, 
2001, 2002.  
 
5.2.2 Reproducibility of the landmarks  
Inter-observer error landmarking was evaluated for basicranial configuration and facial 
architecture, by comparing repeated selections on a sub-sample of 60 subjects chosen 
randomly in the total sample of our study: we selected the landmarks at different periods of 









The Inter-observer error is tested by three methods: 
1. Technique Error Measurement TEM by the use of Dahlberg formula 
2. Procrustes superimposition of the two configurations and then statistically 
tested by Wilks lambda value.  
3. Calculation of coefficient of correlation ρ (MEDCAL; Lin 1989).  
 
5.2.2.1 Technique Error Measurement TEM 
Inter-observer error of measurement for basicranial and facial architecture 
configuration was tested by the use of measurement error technique, as the same person was 
responsible for all landmarks identification.  
Measurements error of all landmarks was calculated for a sub-sample of the total sample of 
our study (N=60). The error is calculated using the formula of Dahlberg:  
    
The calculation provides estimations of error that are in the same units as the original 
measurements.  Reliability of measurements was calculated as a fraction of true variance and 
the variance of error. Thus, true variance can be estimated by subtracting error variance from 
total variance.   
The variable calculated is the distance between bilateral landmarks right and left by 
using the following formula: 
 
The variables x, x’, y, y’, z and z’ represent respectively the 3D coordinates identified on the 
CT scan for the repeating landmarks. 
The difference used in the Dahlberg formula is the difference between the distances 
calculated.  
The distances calculated for basicranial configuration are as follow:  
 Hypoglossal canal R – L 
 Round foramen R – L 





 Oval foramen R – L 
 Trigeminal impression R – L 
 Supra orbital fissure R – L  
 
The distances calculated for facial architecture configuration are as follow:  
 Supra orbital Foramen  R – L 
 Infra Orbital Foramen R – L 
 Head of the Malleus R – L 
 Mental Foramen R – L  
 
5.2.2.2 Procrustes superimposition of the two configurations   
60 subjects from the total sample are chosen randomly; location of the all landmarks 
describing the basicranial configuration and facial architecture configuration are repeated. The 
procruste means of the residual landmarks are superimposed one over the other. To test the 
similarity of the two configurations a Wilks lambda test is performed. 
 
5.2.2.3 Calculation of coefficient of correlation ρ 
The third method to test the validity of the landmarks is a test performed by use of 
MEDCAL. This test provides an interest value ρ, which is the correlation coefficient (Lin, 
1989), and evaluates the degree of precision of the landmarks positioning, between the two 
observations. 
  
5.2.3 Geometric morphometric  
Three-dimensional coordinates acquired for each landmark were analyzed with the 
software Morphologika version 2.1 (P. O’Higgins, www.york.ac.uk/res/ 
fme/resources/software.htm). This program computes a morphometric geometric method and 
offers the possibility to translate, rotate, and then scale, via a generalized least squares 
Procrustes (Kendall, 1984) superimposition, the landmark configurations for all individuals, 
to calculate and graph the principal components of shape variation using the variance-





covariance matrix of the Procrustes residuals. The program also computes a centroid size of 
each individual configuration of landmarks, and discriminates between the components of 
size and shape differences.  
 
To compare the shape changes, we concentrate our analysis on differences 
between Procruste residuals of specific landmarks within groups, or between groups. 
Differences between Procrustes residuals are used here as an indicator of difference in 
the configuration: where configurations changes are concentrated or inversely, which 
anatomical landmarks are really unchanging in different categories of malocclusion. 
The resulting differences represent changes in shape.  
Size and size-related shape (allometry) variables, generated by means of a Generalized 
Procruste Analysis (GPA) of landmark coordinates, were used to investigate size and size-
related shape change through different types of maxillo-facial disharmonies. GPA is one of 
several geometric morphometric techniques that may be used to standardize landmark 
coordinate data to facilitate morphological studies of biological forms. Coordinate data from 
several subjects are superimposed in a common (though arbitrary) coordinate system using 
least-squares estimates for translation and rotation parameters. In so doing, GPA removes 
variation in digitizing location, orientation and scale. GPA was preferred in this study because 
it provided size and allometry values for the basicranial configuration and facial architecture 
in the study sample. 
The shape space resulting from GPA is examined through principal component 
analysis (Dryden and Mardia, 1993) that illustrates the scatters of individuals or the scatters of 
means of Procruste data (mean shapes, after GPA) calculated within each categories. 
 
In order to visualize alteration in location of landmarks, we compute and 
represent graphically all differences between Procruste residuals when we superimpose 









5.2.3.1. Procruste superimposition  
 
A generalized least-square Procrustes analysis procedure was used to compute the 
average configuration of the five groups for both basicranial configuration and facial 
architecture. To generate variables that represented shape only, all configurations were scaled 
to a common unit size by dividing by centroid size (Bookstein; 1986). Configurations were 
then optimally rotated to minimize the squared differences between corresponding landmarks 
(Rohlf and Slice, 1990). At this stage, the transformed coordinates of each basicranial 
configuration and facial architecture represented points in shape space. A mean shape was 
defined along with the set of points that clustered around it in shape space. Each mean shape 
was defined by a set of 3D coordinates. For each landmark, a Procruste residual is the 
difference between the position of an individual subject’s landmark and the position of the 
homologous landmark of the mean shape. Procruste residuals were calculated for each 
landmark of all specimens within the study, generating a matrix of Procruste residuals. The 
matrix of Procrustes residuals represents the raw data used for any further statistical 
procedures such as PCA. The principal components of shape (PCS) were calculated. 
Each subject’s coordinates were translated, rotated, and scaled repeatedly until the 
least-squares fit of all configurations was no longer improved. Basicranial configuration and 
facial architecture were registered with respect to one another and scaled to equivalent areas, 
which eliminates any difference related to size, then, the group average forms were compared. 
The procedure was repeated for each group to produce a mean geometric configuration. To 
determine whether basicranial configurations or facial architecture differed between 
groups, mean geometries were statistically compared using Goodall test. 
 
5.2.3.2. Principal component analysis  
Principal Components Analysis (PCA) (Jolife 1986; Dunteman 1989) was employed 
to further investigate morphological relationships between basicranial configurations or facial 
architecture and different types of maxilla-facial disharmonies. This procedure also allows for 
the identification of the shape differences between basicranial configurations and facial 
architecture depending on types of maxilla-facial disharmonies or malocclusions. The 
computation of the principal components (PCs) was done via the correlation matrix. 
Analysing the PCs, make it easier to identify meaningful underlying variables that distinguish 





basicranial or facial configuration from each other. PCs may be plotted against each other to 
visualize morphological relationships in three dimensions. Specimens that are 
morphologically similar occupy similar multivariate space. To determine the significance of 
maxillo-facial deformities categories effects along components, analysis of variance 
(ANOVA) was performed using Morphologika on all PCs with eigenvalues greater than 1. 
Significant PCs were then plotted to visualize morphological relationships.  
 
 
5.2.3.3. Thin plate analysis  
 
Thin-plate spline is a more rigorous quantitative analysis of the spatial organization of 
shape change (Bookstein, 1986). It expresses the differences between two configurations as a 
continuous deformation, using regression functions in which homologous landmarks are 
matched exactly between the two forms, explicitly to minimize the bending energy. After the 
mean geometric configurations for each group were computed using Procrustes analysis, TPS 
analysis was used to visualize major differences in geometric configuration of mean 
basicranial configuration and facial architecture between the normal occlusion and the 
maxilla-facial disharmonies categories. The normal occlusion average was taken as the initial 
reference geometry and the others configurations were the final geometry to be compared. 
TPS graphical analysis shows the shape difference or deformation when the five groups are 
superimposed with reference and the landmark configurations compared. A more detailed 
review of the theoretical basis and calculation procedures of TPS morphometrics can be found 
in Bookstein (1986), and Dryden and Mardia (1994). 
To localize differences in cranial base and facial architecture morphologies, we 
undertook the Thin-plate spline analysis as Graphical displays of the total spline comparison 
for each group of malocclusion were calculated for both configuration cranial base and facial 
architecture. Qualitative analysis was undertaken by the identification of areas of greatest 
deformation; these alterations were then characterized.   
In our study, the Class I average was taken as the initial geometry and the four 
groups of malocclusion configuration were the final geometry. Size-change variables were 
calculated as the product of principal extensions (Lozanoff and Diewert, 1993).  Areas of 
greatest or least change were characterized qualitatively, with deformation noted, based on the 





graphical display. Size-change values were tabulated at the location of the anatomical 
landmarks.  
 
5.2.3.4. Goodall test  
Using the “Simple3D” program, we carry out (i) a test for differences between mean 
configurations by using a permutation version (n=1000) of Goodall’s F-test with a 1% 
confidence level, (ii) a test for differences in the within group variances, using a permutation 
test on the significance of the observed difference in variance of the two groups (referred to as 
Delta variance permutation test). The variation is measured as the summed squared Procrustes 
distances around the mean form of the group, divided by the sample size of the group minus 
one. Using “The regression” application in Morphologika, we carry out a regression 
Procrustes distance from the PC1 against centroid size, considered as the independent 
variable, within each category. If the test is significant, there is an unambiguous dependence 
of shape on centroid size. 
  
Simple linear regressions of individual centroïd sizes obtained for each configuration 
are calculated within each category. 
 
5.2.3.5. Wilk’s lambda test  
The Wilks' Lambda is a statistical test used by Discriminant Analysis in order to test if 
several groups of multivariate observations have significantly different averages. This test is 
performed by Morphologika version 2.1 (P. O’Higgins, www.york.ac.uk/res/ 
fme/resources/software.htm). It is therefore, in multivariate, the same role as the F statistic of 
the univariate ANOVA.  
The Wilks' Lambda is a direct measure of the proportion of inertia of the groups, it can be 
transformed (mathematically adjusted) to a statistic which has approximately an F 
distribution. This makes it easier to calculate the P-value. The Wilks' Lambda is a number 
between 0 and 1. If only a small fraction of the total inertia is explained by the existence of 
different groups, then groups are well separated and have significantly different averages.  





• A low value (near 0) of Wilks' Lambda is an indication of well separated groups.  
• A high value of Wilks Lambda (near 1) indicates groups with little or no partition.  
We will present in our results the actual value of Wilks' lambda and the p value. 
There are a number of alternative statistics that can be calculated to perform a similar test to 
that of Wilks' lambda, such as Pillai's trace criterion and Roy's criterion; however, Wilks' 
lambda is the most widely used. 
 
5.2.3.6 Measure of B angle for basicranial shape configuration   
Using modeling software package (Rapidform 2004, INUS Technology, Seoul, Korea) 
(RF4), an Angle β is measured between the two plans Po and P1 defined as follow. 
Po connecting the following landmarks:  FR R & L and FSO L 
P1 connecting the following landmarks: FR R & L and Hyp. L 
 
 
5.2.4. Euclidean distance matrix analysis EDMA 
 
An EDMA-based statistical procedure for the comparison of two shapes was proposed 
in Lele & Richtsmeier (1991). The basic procedure suggested a bootstrap procedure for 
testing the difference in the means of two populations. This procedure is therefore applicable 
for a broader range of biological applications. 
For a univariate problem, one calculates the difference between the sample means, 
namely XYZ, using the bootstrap procedure (Efron and Tibshirani, 1991), the confidence 
interval for this difference is calculated. If a 90% confidence interval contains the value 0, one 
accepts the null hypothesis of equality of the means at the significance level 0·1. Otherwise, 
the null hypothesis is rejected. One can also obtain the confidence interval using a model-
based bootstrap (e.g., parametric bootstrap or Monte Carlo). 
The basic idea is the same: using the estimators of mean form and variance–covariance 
structure described above, we estimate the mean shapes for the two groups and calculate the 
shape difference. Unfortunately, the shape difference is represented by a matrix and we 
require a test statistic that can be represented as a single number. We accomplish this using 





the principle of union-intersection tests (Lele & Richtsmeier, 1991: Appendix B). Under the 
null hypothesis of equality of shapes, this value should be close to zero. We use a parametric 
bootstrap (Monte Carlo) procedure to calculate the 100(1- α) % confidence interval. If this 
interval contains the value zero, we accept the null hypothesis. Otherwise, we reject it at the 
significance level α. We suggest using α=0.1. As a simple extension, one can also test if the 
‘‘size’’ measures in two populations are different or not. 
In our work we aim to compare the shape of basicranial configuration and facial 
architecture in the five groups listed above.  
This statistical test derived from a comparison of shape difference matrices, obtained 
by division of form matrices by a “scaling measure” that is defined as the interpoint distance 
of landmarks. The interpoint distances were divided as anteroposterior transversal and vertical 
parameter. The three dimensional landmarks data were those used for Procruste 
superimposition, located on CT scans and reported for analysis. As a “scaling measure” we 
have chosen the geometric mean of the 30 interpoints distances in the mean form matrices. 
The mean form and variance–covariance matrices for the five groups will be reported. As a 
‘‘scaling measure’’, we have chosen the geometric mean of the 10 interpoints distances in the 
mean form matrices, and classified the distance as 3 groups antero- posterior , vertical and 
transverse parameters. The 90% confidence intervals for the shape statistic if include zero, so 
that the null hypothesis of equal shapes is rejected and thus enable us to investigate ‘‘local’’ 
changes in shape. 
 
In our study we will compare the basicranial configuration and facial 
architecture in the four pathologic categories of maxillo-facial disharmonies to the Class 
I occlusion computed as the reference for a normal subject or population. Our three 
dimensional data were collected from « Amira 4.0 software » ©. 
 
5.2.5. Superimposition of the biological shape after 3D reconstruction   
The reconstruction are established with modeling software package (Rapidform 2004, 
INUS Technology, Seoul, Korea) (RF4) for analysis Kau and al., 2004, 2005. This software 
provides 9 different 3D work activities and together allows high-quality polygon meshes, 
accurate freeform non uniform rationale b-spline surfaces, and geometrically perfect solid 





models to be created. The RF4 generates data as absolute mean shell deviations, standard 
deviations of the errors during shell overlaps, maximum and minimum range maps, and color 
maps. Each set of 3D reconstruction was imported into RF Plus Pack 2.  
The faces of subjects were superimposed to determine changes. This systematic 
process was done by manually aligning 4 points on the craniofacial scans: Supra orbital 
landmark Right and Left (SO R and L) and Infra orbital landmark Right and Left (IO R and 
L) for facial architecture and Supra orbital Fissure Left and Right and Round Foramina Left 
and Right for basicranial configuration. To determine the changes between subjects the shell-
to-shell deviation maps analysis was used for a quantitative analysis of the magnitude of 
change between 2 surfaces. This tool pooled together all surface changes and produced a 
mean absolute value. The software also had the added benefit of showing the regions and the 
directions of change (positive and negative). These colored surfaces showed surface changes 
that had increased or decreased between times. These changes were analyzed in millimeters 
and as percentages. 
 
5.2.6. Three dimensional study of asymmetry by using C2000 and Treil & 
Faure 3D analysis 
The second part of this work used the 3D cephalometric analysis C2000 cépha 
elaborated by J. Treil and J. Faure with CIRAD (Montpellier): Treil and al., 2000 and 2001, 
Faure and al., 2002, 2005, 2008 and 2008. This software presented in the late nineties, was 
already used in anatomy research (Dah et al., 2005 and 2007) in surgical-orthognathic 
diagnosis and therapy (Treil and al., 2000), in dental anatomy and orthodontic mechanics. 
In this second part we try to precise the definition of main pathologies, antero-
posterior, vertical, transversal and asymmetrical ones, and overall to precise the 
definition of surgical common threshold.  
After that we study the relationship of pathologies between themselves, overall 
asymmetry/other pathology. 
The description of the sample used for the study of asymmetry, and values were 
analyzed by the use of 3D software C2000 and Cepha3DT. The 2D analysis was also 
performed. The 3D parameters describing anteroposterior, vertical and transversal 





measurements of the description of the pathology, and the asymmetry are presented 
respectively in Table III A, B and C, and Table IV A, B and C. CT scan data are treated by 
two specific software, C2000 Cépha and Cépha 3DT elaborated by the CIRAD Montpellier 
France in collaboration first with Dr J. Treil (8 points and 14 points version) and later with Dr 
J. Faure for a specific Orthodontics Version elaborated in relation with an URCAM financed 
research program (FAQSV: specific research about detection, follow up and treatment of 
surgical orthodontic cases). 
 
 
5.2.6.1 Selection of landmarks and teeth 
 
These two programs enable the selection on the original axial CT scan of fourteen anatomical 
landmarks belonging to the trigeminal neuro-matricial facial growth axes: 
 
• 8 frame points in charge of general maxilla-facial architecture or envelop description: 
 
Supra orbital foramen, right and left: RSO, LSO and middle point MSO 
Infra orbital foramen, right and left: RIO, LIO and middle point MIO 
Head of Malleus, right and left: RHM, LHM and middle point MHM 
Mental foramen, right and left: RM, LM and middle point MM 
 
• 8 basic points in charge of maxillar and mandibular bases description 
 Maxilla: 
Great palatal foramen, right and left: RGP, LGP and middle point MGP 
Upper and lower naso-palatal foramen, UNP and LNP and middle point MNP 
 Mandible: 
Mandibular foramen, right and left: RFM, LFM and middle point MFM 
Mental foramen, right and left: RM, LM and middle point MM 
Let us observe that the two mental foramen, belong together to the general frame and to the 
mandibular basis.  
The landmark selection is realized by the operator directly on the axial slices. 
The manual selection of teeth is realized on the original axial CT scan. The intervention of the 
operator is necessary to attribute a specific selection to the corresponding tooth in cases where 
two teeth are in contact.  






5.2.6.2 3D imagery 
The C2000 software creates a 3D imagery using the threshold method and the 
principle of dividing cubes; these define areas of values in a volume. In this way, the 
anatomical maxillofacial elements are reconstructed: the teeth, the bones, the muscles, and the 
skin. Computer tools can be used to isolate and/or to mix the elements, with eventual 
transparency and pseudo-colors. 
 
 
5.2.6.3 Cephalometric reconstruction 
The C2000 program creates three different theoretical constructions: 
 
The maxillo-facial frame 
The eight points allow driving two pentahedrons describing the “envelop” of maxilla-
facial architecture: 
• Orbital pentahedron: RSO-LSO-RIO-LIO-RHM-LHM. 
• Maxillo-mandibular pentahedron: RIO-LIO-RHM-LHM-RM-LM. 
  
The bases 
Two mean plans:  
• Maxillar basis: RGP-LGP-UNP-LNP. 
• Mandibular basis: RFM-LFM-RM-LM. 
  
The teeth 
Using the selection of teeth, C2000 Cépha module software collects together the pixel 
belonging to each tooth: then it is able to make a reconstruction and overall to calculate the 
center of inertia and the axes of inertia. The determination of axes of inertia is done by 
diagonalisation of the covariance matrix. These axes correspond to corono-radicular axis/ 
mesio-distal axis / vestibule-palatal axis. 
 
The knowledge of these axes perfectly gives the orientation of the tooth. 
 





The same calculus is applied to the complete arches; it gives with the two first axes the 
arch plan (parallel to occlusal arch plan) and the inertia center. 
 
We also use the same calculus with hemi-arches and teeth groups, like incisors or 
molars. Then we have three levels of analysis: frame or general architecture/bases/teeth and 
arches. 
 
Landmark systems  
The software determines two different landmark systems corresponding to the needs 
of the orthodontist. 
 
 Direct orthogonal reference landmark 
The origin O is the bi-infra-orbital medium (MIO). 
The x axis is supported by the RIO-LIO segment, and it is oriented from right to left. 
The y axis passes throw O, is perpendicular to x axis, is in contact with RHM-LHM 
segment, and is oriented from backward to forward. 
The z axis is perpendicular to the two others and oriented from top to bottom. 
 
 Arch landmark 
In the arch plan the software draws the regression curve of the inertia centers of teeth. 
Position and orientation of teeth is then calculated in relation with this plan and this curve, 
specially the rotations of teeth (torque/tipping/axial rotation). 
 
5.2.6.4. Cephalometry 
The Cepha 3DT software can give the measurement of a lot of parameters (about 150 to 
200 depending on the version used). 
 
Measurement following the 14 points: for example RHM-RIO distance, RSO-RM 
distance, RHM-RIO-RM angle… 
• Linear measurement (segments or vectors). 
• Angular measurement (oriented or not).  
• Area measurement. 
• Volume measurement.  






Coordinates versus direct orthogonal reference landmark 
We selected the coordinates of all the primary points and of the deduced points (medium 
points, inertia centers of teeth, inertia centers of incisors). 
 
Coordinates versus arch landmark for teeth or local elements: 
Classification of parameters 
The parameters are classified depending on: 
1. The level : teeth and arches /bases/ frame or general architecture 
2. The direction: antero-posterior/vertical/transversal 
3. The  asymmetric meaning : regardless asymmetry parameter/ asymmetry 
parameters 
So we have 18 types of parameters. We can study for example the transversal position of 
the center of inertia of lower incisors: It is a transversal, alveolar, asymmetry parameter. 
The following tables give the most important parameters, first regardless asymmetry (tables II 
to V) and after asymmetry parameters (tables VI to VIII). The second column in all the tables 


















Table III: Antero-posterior Parameters 
Table III A: Frame 
 
Table III B: Bases 
GBMy  C Cy Inertia center maxillar basis 
GBmy   C Cy Inertia center mandibule basis 
GBMy-GBmy [R]  L antero-posterior discrepancy upper/lower bases inertia centers 
GBMy-GBmy [Occ]  L 
antero-posterior discrepancy upper/lower bases inertia centers in 
occlusal plan 
MNPy C Cy medium naso-palatal 
MNPy-MMy [R]  L anterior basic landmarks antero-posterior discrepancy 
MHM-MIO/MHM-MNP R ratio  upper maxillo-mandibular depth basic maxillar depth 
MHM-MNP/MHM-MM R ratio  basic maxillar depth basicmandibular depth 
MHMy-MMy L mandbule length 
MFMy-MMy  L corpus length 
  
 
 Table III C: Teeth and arches 
Gy C Cy of inertia center of 8 points of envellop(facial concavity parameter)
12 or 12 angle A Angle medium facial plan/pseudo-Franckfort plan 
MHM-MSO/MHM-MOI R upper/lower orbital depth 
6 or 6 angle A Angle orbital frontal medium plan/pseudo-Franckfort plan 
MMy C Cy of middle of mental points 
5 or 5 angle A Facial maxillo-mandibular. plan/pseudo-Frankfort plan angle  
MHM-MIO/MHM-MM R upper/lower maxillo-mandibular depth 
MHM-MSO/MHM-MM R upper/lower facial depth 
Gdy C Cy of inertia center upper and lower teeth 
Giy C Cy of inertia center upper and lower incisors 
GMy C Cy maxillar teeth inertia center 
GIMy C Cy upper incisors inertia center 
Gmy C Cy mandibular teeth inertia center 
Gimy C Cy lower incisors inertia center 
GMy-Gmy[R]   L upper/lower teeth anteroposterior dyscrepancy 
GMy-Gmy[Occ]   L upper/lower teeth anteroposterior dyscrepancy in the occlusal plan 
GIMy-Gimy[R] L upper lower incisors dycrepancy 
GIMy-Gimy[occ] L upper lower incisors dycrepancy in the occlusal plan 
TqIM A mean upper incisors torque 
Tqim A mean lower incisors torque 
TqIM –Tqim A incisors compensation 





Table IV: Vertical parameters 
  Table IV A: Frame 
14 or 14 angle A facial divergence 
H L facial maximal height 
L/H R facial width/height ratio 
13/14 R maxillo-mandibular / facial divergence 
Gz C Cz inertia center of 8 frame points 
MM-MIO/MM-MSO R maxillo-mandibular / facial height 
Angle 13 ou 13 A maxillo-mandibular divergence 
MM-MOI L maxillo-mandibular height 
MMz Cz middle mental points altitude 
 
 
Table IV B: Bases 
GBMz C C y Center of inertia of maxillar basis 
GBmz  C Cy Center of inertia of mandibular basis 
MNPz  C Cy antrior llary basis landmarks 
MGPz C Cy posterior maxillary landmarks 
MFMz C Cy posterior mandibular basis landmarks 
MMz-MNPz L inter bases anterior  height 
GBMz-GBmz L inter bases  height 
MHMz-MFMz  L ramus height 
<(MHM-MIO),(MGP-MNP)> A divergence of maxillar basis versus pseudo-franckfort horizontal plan 
<(MHM-MIO),(MFM-MM) > A 
diverg.of mandibular basis versus pseudo-franckfort horizontal plan:pse
FMA 
MHM-MFM/MM-MOI R posterior/anterior height ratio 
 
    Table IV C: Teeth and arches 
 
Gdz C Cz upper and lower teeth 
Giz C Cz upper and lower incisors 
GMz C Cz inertia center of upper teeth 
Gmz C Cz inertia center of lower teeth 
GMz-Gmz L dentition height 
GIMz-Gimz L dentition anterior height 
GMMz-Gmmz L dentition posterior height 
<MII, Vy> A divergence of maxillar arch 
<mII, Vy> A divergence of mandibular arch 
<MII, mII> A maxillo-mandibular arch divergence 
 





Table V: Transversal parameters 
 Table V A: Frame 
RIO-LIO L infra orbital width 
RM-LM L mental width 
L L maximal facial width 
RSO-LSO L supra orbital width 
RSO-LSO/RIO-LIO R supra orbital width/infra orbital width ratio 
RIO-LIO/RM-LM R nfra orbital width/mental width ratio 
RHM-LHM/RM-LM R mental/posterior width ratio 
 
 Table VB: Bases 
RGP-LGP L Posterior maxillar basis width 
RFM-LFM L mental width 
RIO-LIO/RGP-LGP R Infra orbital/maxillar basis width ratio 
RFM-LFM/RM-LM R Posterior anterior mandibular basis width ratio
RGP-LGP / RFM-LFM R posterior upper and lower basis width 
<RGP-MNP-LGP > A maxillar posterior divergence 
 
        Table V C: Teeth and arches 
A : RGMx-LGMx  L inter hemi maxilla width 
B : RGmx-LGmx L inter hemi mandibule width 
A-B L upper lower transversal dyscrepancy 
aM or  Dm L 16-26 width 
am or  dm L 36-46 width 
aM-am L upper lower mollar transversal dyscrepency 
Tq16+Tq26)/2 A mean first upper molar torque 
Tq36+Tq46)/2 A mean first lower molar torque 
Tq16+Tq17+Tq26+Tq27)/2 A mean  upper molar torque: maxillar angular 
transversal excess 












Table VI: Transversal parameters 
  Table VI A: Teeth and arch asymmetry parameters 
Gdx-Gix Cx Transversal dyscrepancy incisors/ global dentition
GIMx Cx Inertia center of upper incisors
Gimx Cx Inertia center of lower incisors
GMx Cx Inertia center of upper teeth
Gmx Cx Inertia center of lower incisors
GMx-Gmx Cs Transversal dyscrepancy of lower/upper teeth inertia centers
GMMX Cx Inertia center of upper molars
Gmmx Cx Inertia center of lower molars
GMMx-GmmCx Transversal dyscrepancy of lower/upper molars inertia centers
Tq16-Tq26 A Torque maxillary molar compensation(+/- : right/left deviation)
Tq36-Tq46 A Torque mandibule molar compensation(+/- : right/left deviation)
<MxII, Vy> A Upper arch rotation in the occlusal plan (+:ante.deviation to the left)
<MdI, Vy> A Lower arch rotation in the occlusal plan (+:ante.deviation to the left)
<MxII, Vy>-A Lower/upper arc rotation  
 
  Table VIB: Bases parameters 
MGPx Cx Middle of great palatal points
MFMx Cx Middle of mandibular foramina points
MGPx-MFMCx Posterior basic trnasversal deviation
MNPx Cx Middle of upper lower nasopalatal points
MNPx-MMxCx Anterior basic transversal deviation
GBMx Cx Inerta center of maxillar basis(RGP,LGP,SNP, INP)
GBmx Cx Inertia center of mandibule basis(RFM,LFM,RM,LM)
GBMx-GBmCx Upper and lower bases transversal deviation
MMx Cx Milieu points mentonniers, abscisse.  
  Table VI C: Envelop parameters 
1 A  MIO-MM/infraorbital axis angle
2 A MSO-MIO/infraorbital axis angle
10 A medium sagittal plan/ pseudo-franckfort horizontal plan angle  
 
 
Table VII: Vertical asymmetry parameters 
  Table VII A: Teeth and arch parameters 





G16z-G26z DCz 16-26 altitude difference
G46z-G36z DCz 36-46 altitude difference
<MxI,Vx>(RF) A Maxillar arch pitching
<MdI,Vx>(RF) A Mandibular arch pitching
<occl,Vx>(RF) A Dentition pitching
<MxI,MdI> A Lower versus upper arch pitching  
  Table VII B: Bases parameters  
RGPz-LGPz DCz RGP,LGP altitude difference
RFMz-LFMz DCz RFM,LFM altitude difference
(RHM,RFM)-(LHMDL Ramus right and left length difference
<RHM-RIO,RFM-RDA pseudo-FMA right /left difference  
  Table VII C: Envelop parameters  
<(RM,RHM,RIO)> DA Right and left maxillo-mandibular divergence difference
<(RM,RHM,RSO)>DA Right and left facial divergence difference
RMz-LMz DCz Right and left mental points altitude difference
(RSO-RIO)-(LSO-LDL Right and left orbital height difference
(RIO-RM)-(LIO-LMDL Right and left maxillo-mandibular height difference
(RSO-RM)-(LSO-LDL Right and left facial height difference  
 
Table VIII: Antero-posterior asymmetry parameters 
 Table VIII A: Teeth and arch parameters 
G16y-G26y DCy 16-26 sagittal position difference
G46y-G36y DCy 46-36 sagittal position difference  
 Table VIII B: Bases parameters 
(RFM,RM)- D corpus right and left length difference
RGPy-LGPyDCy great palatal points sagittal position difference




Table VIII C: Envelop parameters 





(RHM,RIO)-D Right and left medium facial depth difference
(RHM,RSO)D Right and left upper facial depth difference
RSOy-LSOyDCy Supra orbital points saggital difference
RMy-LMy DCy Mental points saggital difference
(RHM,RM)-D Right and left mandibular length difference
<RHM,RIO,DA Right and left 5 angle difference  
 
Some definition pictures, for antero-posterior parameters at three levels: architecture or 
frame/basis/teeth and arch. 
 
















Figure 11:  Main antero-posterior envelop 
parameters  
       









Figure 13: Main antero-posterior teeth and arches parameters 
 
    
5.2.6.5. Statistical analysis of the C2000 Cépha data 
The statistical analysis applied to the C2000 Cépha data is very classical and simple. 
First in each group we determine the medium values and square deviations, and a test t allows 
us to identify significant deviations of pathologic samples versus control sample. 
For the asymmetry parameters we test the deviation versus reference sample and versus ideal 
symmetry. 
Inside every group we study the correlation matrix to understand the relationship 
between different pathologies, for example between antero-posterior discrepancy and 












































CHAPTER VI: RESULTS 
Ce chapitre présente les résultats principaux acquis par ce travail: 
• Concernant d’abord la base du crane, ses liens avec l’architecture 
crânio-faciale et l’occlusion, étude utilisant tous les outils de la 
morphométrie géométrique. 
• Concernant ensuite les dysmorphies maxillo-faciales, étude appuyée en 
premier lieu sur les méthodes déjà utilisées issues de la morphométrie 
géométrique, et en second lieu sur l’analyse tridimensionnelle élaborée à 
Toulouse. 
 Dans la première partie, après la détermination des points-repères choisis pour 
décrire la forme basi-crânienne et le test du caractère reproductible des identifications, on 
exposera classiquement : 
• Les superpositions procustes et les diagrammes moyens de chaque sous-
échantillon. 
• Les superpositions des diagrammes moyens et les grilles de déformation 
(analyse TPS). 
• Les résultats des tests statistiques confirmant le caractère significatif des 
différences observées entre les diagrammes. 
• Les matrices des distances et les résultats des tests sur les distances. 
• Les superpositions de « recalage » qui soulignent à l’aide d’un code-
couleur les différences localement observés. 
Dans la seconde partie les méthodes utilisées pour la base du crâne sont d’abord  
appliquées à l’identique au diagramme de points maxillo-faciaux. 
Ensuite la Céphalométrie 3D va être appliquée aux différents sous-échantillons 
(référence, Classe II, Classe III, Asymétrie) et une description de la morphologie moyenne de 
ces sous-échantillons est présentée, d’abord sans prise en compte de l’asymétrie, puis au 
contraire axée sur l’asymétrie ; ceci conduit pour finir à la description tridimensionnelle de 
la pathologie asymétrique. Dans nos tableaux de résultats les différences significatives seront 







L’étude des liens entre les différentes pathologies sera approfondie surtout au niveau 



























  CHAPTER VI: RESULTS  
 Introduction to the results section 
The results of the present investigation have been divided into a number of sections, 
which are briefly summarized below to assist the reader with understanding of the results. 
Initially, data were examined for internal consistency and validity, and the result of Technical 
error of Measurement is discussed. Also in this section are comparisons between the result of 
this study and published work that has been undertaken on similar samples. This should 
prepare the reader for the next section, where the descriptive statistics are introduced. 
Following this, the relationship between basicranial configuration and facial architecture were 
examined using Principle Components analysis, discriminate analysis by using the Wilks 
lambda test and Goodall test.  
 
The variation will be examined regards: 
• First the null hypothesis that there are no difference in basicranial 
configuration between all types of maxillo-facial disharmonies from 
one part.  
• Second part that the prevalence of asymmetries lays within specific 
maxillo-facial disharmonies. 
In this way, the aims of the current study were addressed specifically, on a first hand 
regarding basicranial configuration; to examine the relationship between the cranial base 
configuration and jaw relationship, and to test the hypothesis that there are no differences in 
cranial base flexion, on a second hand to examine the prevalence of asymmetries when 
correlated to maxillo-facial disharmonies.  
 
This section will be divided in three parts separately. The first section will present 
the validity of the landmarks; the second parts present the hypothesis relative to the 







6.1 Internal consistency and validity of the data  
 
Inter-observer error landmarking was evaluated for basicranial configuration and 
facial architecture, by comparing repeated selections on a sub-sample of 60 subjects chosen 
randomly in the total sample of our study: we selected the landmarks at different period of 
time by using the same definition and the same precision on the CT scans, axial coronal and 
sagittal.  
The Inter-observer error is tested by three methods: 
1. Technique Error Measurement TEM by the use of Dahlberg formula. 
2. Procrustes superimposition of the two configurations and then statistically 
tested by Wilks lambda value.  
3. Calculation of coefficient of correlation ρ (MEDCAL; Lin 1989).  
 
6.1.1. Technical Error Measurement TEM 
 
The following section examines the data for specifically intra-observer measurement 
error, and reliability of the data. Investigation of TEM was undertaken using the procedure 
outlined in the methods section.  
 
Results of the TEM calculation are shown in Table IX for basicranial shape configuration. 
Error measurement varied between 0.3 mm to 0.5 mm. The error location measurement varied 
from 0.3 mm to the identification of Round Foramen Right – Left and to 0.5 mm for the 
identification of the Supra-orbital Fissure Right – Left.  
These estimates of error were within 5% of the average size for all variables.  
 
It was concluded that the amount of technical error of measurement in the data for 
basicranial configuration was unlikely to affect conclusions of this work. Estimates of 
reliability are also shown in table IX.  
These correspond to the estimates of Technical Error of Measurements. Reliability ranges 







Table IX: Intra-observer Technical Error Measurement (TEM) and reliability of basicranial 
landmarks configuration on a sub-sample consisting of 60 subjects chosen randomly in the 
total sample of 374 subjects (N=60) 
 
Variable: distance measurements   TEM Reliability  
Hypoglossal R – L 0.33 0.982 
Round Foramen R – L 0.3 0.989 
Oval Foramen  R – L 0.45 0.97 
Trigeminal impression R -  L 0.45 0.97 
Supra orbital fissure R – L 0.5 0.96 
 
 
The measurement error of the variables of the facial architecture was calculated for a 
sub-sample of 60 subjects of the total sample of 126 Asymmetric cases used for this study. 
The sub-sample was composed of subjects chosen randomly and the identification of all 
landmarks was repeated.  
 
Results of the TEM calculation are shown in table X. Error measurement varied 
between 0.2 mm to 0.4 mm. The error measurement varied depending on location from 0.2 
mm for the identification of Mental Foramen Right – Left and to 0.4 mm for the identification 
of the Infra-orbital Foramen Right – Left. 
These estimates of error were within 5% of the average size for all variables. 
 
It was concluded that the amount of technical error of measurement in the data 
for facial architecture was unlikely to affect conclusions of this work. Estimates of 
reliability are also shown in Table X.   
These correspond to the estimates of Technical Error of Measurements. Reliability 










Table X: Intra-observer Technical Error Measurement (TEM) and reliability on a sub-sample 
consisting of 60 subjects chosen randomly in the total sample of 126 subjects (N=60) 
 
Variable: distance measurements   TEM Reliability  
Supra Orbital Foramen R – L 0.33 0.98 
Mental R – L 0.2 0.99 
Infra orbital Foramen  R – L 0.4 0.976 
Head of the Malleus R -  L 0.36 0.980 
 
 
These estimates of error measured by the use of TEM for both basicranial and facial 
architecture were within 5% of the average size for all variables. Since the location of 
landmarks is easier than for a conventional 2D radiographs, the landmarks chosen 
better represent the cranial base configuration and the facial architecture from an 
anatomical point and with a level of acceptable error which can lead to more accurate 
conclusion regarding the aim of the present study. This is not an unexpected result for 
the measurement error location and identification landmarks since location on CT scans 
is more accurate and precise.   
 
 
6.1.2. Procrustes superimposition of the two configurations and then 
statistically tesedt by Wilks lambda value.  
  
60 subjects from the total sample are chosen randomly; the location of the ten 
landmarks describing the basicranial configuration is repeated.  
60 subjects from the sample of asymmetry are chosen randomly, the location of the 
eight landmarks describing the facial architecture is repeated and tested to verify to validity of 
the identification. 
The mean procruste of the residual landmarks are superimposed one over the other. To 
test the similarity of the two configurations a Wilks lambda test is performed as well. After 
Procrustes superimposition, the mean shape of basicranial configuration and facial 






The figure 13 and 14 show respectively the superimposition of the mean shape of 
basicranial configuration and facial architecture for repeated landmarks.  
 
Figure 13: Procruste superimposition of the mean shape basicranial configuration for the 
validity of the landmarks for a sample of 60 subjects chosen randomly.   





The mean shape superimposition of basicrnaial configuration  of a sub-sample of 
60 subjects to test the reliability of landmarks identification and location  show a high 
stability confirmed satisticaly by a coefficient of correlation of 1 and Wilks lambda value 
of 1.   
 
Figure 14: Procruste superimposition of the mean facial architecture for Asymmetric group to 
test the reliability and validity of identification of landmarks applied on 60 subjects chosen 
randomly.  









The mean shape superimposition of facial architecture of a sub-sample of 60 
subjects to test the reliability of landmarks identification and location. The result show a 










6.1.3. Calculation of coefficient of correlation ρ (MEDCAL; Lin 1989).  
 
Intra-observer error landmarking was evaluated statistically by MEDCAL. The test 
provides a ρ value which is the correlation coefficient (Lin, 1989). This value evaluates the 
degree of precision of the positioning of the landmarks between the two observations. 
Statistically, the difference was less than 1% for all the landmarks, confirmed by the 
coefficient of correlation varying between 0.9915 for basicranial configuration and 0.9989 for 
the facial architecture in the asymmetric group.   
 
The identification of landmarks on CT’s scan is reproducible; the landmarks 
chosen represent the cranial base from an anatomical point and an acceptable error 
which can lead to more accurate conclusion regarding the aim of the present study. This 
is not an unexpected result for the measurement error location and identification 
landmarks since location on CT scan’s is more accurate and precise.   




6.1.4. Critic of the sample  
 
Data for the malocclusion groups showed the expected variations in terms of dento-
alveolar and skeletal base patterns with the skeletal pattern for each group matching the molar 
and incisor relationship. The value describing the skeletal pattern of the five groups are 
presented below.  
 
The control sample present a perfect skeletal Class I (ANB and AoBo) and 
normodivergent sample, with a slight deep bite tendency in consideration of GoGn/SN only. 
The anteroposterior 2D measures shows ANB = 2.086+/- 2.672 and AoBo= -0.210+/-2.818.  
 
The Class III sample appears as overall a great mandibular anteroposterior excess 
(advancements: 7.5- 8 mm a little lesser in anterior sector 5-5.5 mm). The anteroposterior 2D 
measures shows ANB = -1.939+/- 2.509 and AoBo= -7.029+/-3.613. The global size of the 







The Class II sample, the 2D analysis confirms the surgical orientation of the sample 
for antero-posterior parameters (medium values: ANB: 7.68° and AoBo: 4.07 mm). The 
important class II is mainly due to insufficient growth of the mandible, concerning both 
horizontal and vertical parts (-3 and -8 mm). An advancement of maxillary basis (2 mm) 
contributes to the global discrepancy.  
 
The asymmetric sample is characterized by a dominant class III (frequency and mean 
value of anteroposterior data). This discrepancy is mainly present at skeletal and alveolar 
levels. “Hyperdivergence” and transversal mandibular excess are classically associated with 
this dominant class III. The values of each sub-sample regarding 2D analysis are compared to 




































































6.2 Result section of basicranial configuration  
 
6.2.1 Study of basicranial configuration by use of Geometric morphometric 
technique  
 
6.2.1.1. Basicranial shape variation  
 
In this section, the cranial base configuration of the maxillo-facial disharmonies are 
compared as mean configuration to the mean configuration of the sample of Class I control 
group. Figure 15 shows the mean basicranial configuration of the Class I morphology derived 
from the 62 Class I individuals in untransformed space. 
 
Figure 15:  Mean basicranial configuration of the Class I morphology derived from 62 Class I 










This section examines the shape variation of the basicranial configurations between 
the five groups of maxillofacial disharmonies. The geometric morphometric technique was 
used to investigate the second aim of the study, that there were no differences in cranial base 
configuration related to different types of maxillofacial disharmonies.  
 
Procruste superimposition showed that all the subjects of different types could be 
assigned to the original sample of Class I control group. 
 
Examination of the PCA results, showed that the first and the second component 






superimposition, we were unable to distinguish any variation in cranial base configuration, 
thus variation is insufficient to distinguish different types of maxillofacial disharmonies. 
 
Having already determined cranial base configuration was highly stable and 
similar in different types of malocclusion; it was not surprising that the first and second 
components extracted didn’t show a variation in the total sample. This was an 
interesting finding to the study and hypothesis tested.  Interestingly, these results 
reinforces the argument that cranial base configuration is similar in the different types 
of malocclusion (figure 16 & 17). 
 
The GPA/PCA analysis allows us to appreciate the importance of morphology and to 
distinguish between size and shape factors. Since the cloud of point is homogeneous so the 
basicranial shape configuration doesn’t differ for the five sub-samples as shown in Figure 17.   
 
Figure 16: PCA Analysis with wire frames representing mean shapes that correspond to the 
five samples of the study Class I, Class II div 1, Class II div 2, Class III and Asymmetric. The 
cloud point is homogenous; it demonstrates that the cranial base is similar between different 













Principal components of variation considering all landmarks and the five sample of the 
study sample. PC1 (the first relative warp) PC2 (the second relative wrap) didn’t show any 
separation between the five group data. Using these two first PCs, the cranial base 






malocclusions.  All permutation tests don’t reveal any significant changes (at 1% confidence 
level) in basicranial configurations.  
 
Figure 17: Superimposition of the mean shape of the five sample of the study. This 









6.2.1.2. Thin plate analysis  
 
Figure 18 demonstrates the pattern of deformation (the total spline) of the mean Class 
I grid when it is transformed into the mean morphology derived from 62 subjects in Class II 
division 1, 62 subjects in Class II division 2, 62 subjects in Class III and 126 subjects in 
asymmetric cases. When transforming the Class I cranial base configuration overall the 
pattern of different types of malocclusion, the transformation grid didn’t showed any evidence 
in the three direction antero-posterior vertical and transversal.  
 
There was evidence of stability of the cranial base configuration in the different 
types of malocclusion when compared to Class I control group. 
 
The individual scores of the first two relative warps are shown in Fig. (18A) and 
contain a strong specific signal. The first relative warp (Fig. 18B) contrasts vertically with a 
small difference, expanded at the region of Fronto-orbital fissure landmarks. This axis 
describes craniofacial variation related to the location of this landmark. The second relative 
warp (Fig. 18C) shows variation on the location of the foramen round. This warp describes 
the Class I sample (left grid, Fig. 18C) at its lower end and the Asymmetric sample (right 






 Figure 18: PCA Analysis with wire frames representing mean shapes that correspond to the 



















(A) Relative warps analysis. Principal components of variation considering all landmarks 
and all subjects included in the study represented by the five groups. PC1 (the first 
relative warp) represented on x axis shows separation between the Class II div.2 and 
Class III group in the antero-posterior position of the foramen round , while PC2  
represented on y axis separates between the group of Class II div.1 and Class III 
malocclusion but without any notable difference in the basicranial configuration 
detective.  
 
(B) The TPS grids show that the first relative warp represents variation related to the x 
axis, the difference is located in the position of the foramen round without significant 
statistic to this variation. 
  
(C) The second relative warp contrasts with a very low variation in the position of the 






Figure 19: Total splin for overall pattern cranial base configuration for the five sub samples 



















          
(a) Total spline for overall pattern of a Class I basicranial morphology (b, c, d,e): The 
Total spline for overall pattern of deformation, when transforming a Class 1 
basicranial configuration respectively into the Class II division 1, Class II division 2, 
Class III and asymmetric configuration. The transformation grid doesn’t show any 
transformation at any of the landmarks. The overall pattern of basicranial 
configuration is very similar in the five groups of the study. 
 
Mean shape and superimposition give a qualitative appreciation of the stability of 
basicranial shape configuration by the pictures of mean diagrams superimposed. The 
basicranial configuration based on the join of the bilateral landmarks and between 
them, contributes to the 3D definition of the basicranial flexion and contributes to 







Figure 20: Shape changes derived from TPS analysis of cranial base configuration between 
normal and the pathologic maxillo-facial disharmonies.  
Stability is showed between the mean configurations of basicranial shape in all 
the sample of the study CL I reference group, CL III, CL. II division 1, CL. II division 2 
and Asymmetric.    
 
 
Thin-plate spline permits the depiction of the cranial base configuration in all groups 
of malocclusion. Mean cranial base configuration of normal controls and the pathologic 




In conclusion, comparing the size and shape of the cranial base configuration in 
subjects with different types of maxillo-facial disharmonies, the basicranial 
configuration is not considered as an etiologic factor in establishing jaw relationship. 




6.2.2. Statistical test  
 
6.2.2.1 .Goodall test 
 
The Table X gives the results of Goodall’s test for differences between mean shapes 
and allows comparison related to category of malocclusion. To appreciate if any difference 







The tables X to XI show the result of permutation test for differences within group 
variances.  
 
The Table XIII shows the value of the angle В for the basicranial configuration. 
 
The difference of variance was not significant between all categories of malocclusion.  
 
 
Table X:  Tests for shape differences between the four categories of malocclusion to the 
reference Class I examined on mean configuration by using a Goodall’s F-Test with a 1% 
confidence level.  The mean configuration of Class I admitted as reference of normal 
occlusion.  
Between the five categories, F score and P value (1%) are given successively in each cell. 
No significant difference is observed for any category.   
 
1‰ F= 2.13; 1% F= 1.79; 5% F= 1.52 
 
Categories  F test  P 
Class II div.1/Class I  0.0235 1 
Class IIdiv.2/Class I 0.1401 0.9999 
Class III/Class I 0.0104 1 
Asymmetric /Class I 0.0041 1 
Table XI:  Tests for shape differences between the four categories of malocclusion examined 
on mean configuration by using a Goodall’s F-Test with a 1% confidence level.    
Between the four categories of malocclusion, F score and P value (1%) are given successively 
in each cell. No significant difference is observed for any category.   
 







Categories  F test  P 
Class II div.1/Class II div.2  0.0013 1 
Class IIdiv.2/Class III 0.1384 0.987 
Class III/Class II div.1 0.2571 0.9998 
Asymmetric /Class III 0.0046 1 
Asymmetric /Class II div.1 0.0308 1 
Asymmetric /Class II div.2 0.2581 0.9987 
 
 
Three major observations can be made about the basicranial configuration of the five 
samples of the study.  
• First the mean shape of basicranial configuration is highly stable between 
the five samples of the study.  
• Second major concerns the basicranial configuration of the asymmetric 
sample which is constant also.  
• Third major concern the constancy of the angle measured between FR/HYP 

















6.2.2.2 Wilk’s lambda test  
                      
The Wilks' Lambda is a statistic test used by Discriminant Analysis in order to test if 
the sub sample groups compared with Class I reference group has significantly different 
averages. The Wilks' Lambda measure and the P-value are represented below. When 
regression was computed the axis taken was PC1 and centroid size was the independent 
variable.  
 
The value of the test shows a λ=0.9920211712 and p value ρ=0.9998874232. A 
high value of Wilks Lambda (near 1) indicates groups with little or no separation.    
 
 
6.2.3 Measure of angle В 
 
Table XII: Using modeling software package (Rapidform 2004, INUS Technology, Seoul, 
Korea) (RF4), an Angle β is measured between the two plans Po and P1 defined as follow. 
 
Po connecting the following landmarks:  FR R & L and FSO L 




Categories  P0  P1 P0 /P1 large P0/P1 Small 
Class I FR R&L-FSOL FR R & L and Hyp. L 119.99912 60.00088 
Class IIdiv.1 FR R&L-FSOL FR R & L and Hyp. L 119.25862 60.74138 
Class II div.2 FR R&L-FSOL FR R & L and Hyp. L 119.0161 60.9839 
Class III FR R&L-FSOL FR R & L and Hyp. L 119.0625 60.9375 






The angle measured is constant in all categories of malocclusion. The value is equal 
approximately to 119° which demonstrate the stability of the area of the cranial base.  
 
From the findings obtained in this study, we conclude that he cranial base 
configuration similarly in skeletal Class I and different types of malocclusion and second 
this work shows the importance of morpometric geometric in analyzing the basicranial 
configuration between different types of malocclusion,  that this method of analysis 
represents a significant advance because our results better precise the non etiologic 
factor of basicranial configuration in establishing jaw relationship or malocclusion. 
 
 
6.2.4. Euclidean distance matrix analysis (EDMA): A test for shape 
comparisons 
 
In this section we compared the basicranial configuration of the different maxillo-
facial disharmonies to the class I reference group. We choose to represent the inter-point 
distances with significant approach, these distance calculated were reported in table results 
described below.  
  
The shape and shape differences matrices are reported in table I, II, III and IV listed in 
the Annexes section. The 90% confidence intervals for the shape statistic include zero, so 
that the null hypothesis is accepted, likewise it indicates that the basicrranial 
configuration for all groups compared to class I reference group are similar and doesn’t 
allow us to locate any changes in shape.  
 
To a great extent, the results of the shape analysis are consistent with qualitative 
observation of the procruste superimposition and the statistical test the Goodall test and other 
test as well.  
 
 
The result of the inter-point distances will be represented for each group of maxillo-
facial disharmonies compared to class I reference group illustrated in the table presented in 






cases, then Class III comparison, the Class II division 2 and finally the Class II division 1 
comparison.  
 
6.2.4.1. A test for shape comparisons Class I vs Asymmetric group 
 
The Table I represented in the Annexes section illustrated the results of the 
comparison between the Class I reference sample study and the Asymmetric group and 
shows:   
               The inter-point distances contain zero in all the parameter measured, the Ho is 
accepted and that the basicranial configuration between Class I reference group and 
asymmetric is similar, and doesn’t differ.  
 
 
6.2.4.2 .A test for shape comparisons Class I vs Class III group 
 
The Table II represented in the Annexes section illustrated the results of the 
comparison between the Class I reference sample study and the Class III group and shows:  
The interpoint distances for all parameter measured contain zero, the Ho is 
accepted and that the basicranial configuration between Class I reference group and 
Class II division 2 is similar, doesn’t differ.  
 
 
6.2.4.3. A test for shape comparisons Class I vs Class II division 2 
group 
 
The Table III represented in the Annexes section illustrated the results of the 
comparison between the Class I reference sample study and the Class II division 2 group and 
shows:  
The inter-point distances for all parameter measured contain zero, the Ho is 
accepted and that the basicranial configuration between Class I reference group and 










6.2.4.4. A test for shape comparisons Class I vs Class II division 1 
group 
 
Table XVII illustrated the results of the comparison between the Class I reference 
sample study and the Class II division 1 group and shows:  
The inter-point distances for all parameter measured contain zero, the Ho 
is accepted and that the basicranial configuration between Class I reference 
group and Class II division 1 is similar, doesn’t differ.  
 
 
Euclidean distance matrix analysis (EDMA): A test for shape comparisons shows 
the importance of this technique in analyzing the basicranial configuration between 
different types of malocclusion,  that this method of analysis represents a significant 
advance because our results better precise the non etiologic factor of basicranial 
configuration in establishing jaw relationship or malocclusion.  
 
When using the two different methods, the result does not change. The first 
method morphometric geometric analysis and procruste superimposition joined the 
result of Euclidean distance matrix analysis. The result of the two methods give better 
precise to the non etiologic factor of the basicranial configuration in establishing 
different types of maxillo-facial disharmonies.  
 
 
6.2.5. Superimposition of the biological shape after 3D 
reconstruction   
 
Within RF4, a shell-to-shell deviation map showing differences between shells is 
automatically produced. The results include the maximum and minimum range of shell 
deviations.  
Two reconstructions respectively from the 5 groups of maxillofacial disharmonies 
were used to describe after superimposition the changes in basicranial configuration if it does 
occur between references subjects of class I illustrated in the figure 20. The whole basicranial 






normal subject were superimposed over one another to determine changes that occurred. This 
systematic process started with the manual alignment of four landmarks the Supra orbital 
fissure left and right and the round foramen right and left. 
 
 
From the results, negative changes in the basicranial shape were seen and measured as 
shell-to-shell differences.  
The superimposition of an extreme case of asymmetric illustrated in Figure 22, highly 
shows the stability of the basicranial configuration between a subject of the reference group 
and the asymmetric group. 
This illustration support the hypothesis that basicranial configuration is not 
considered to be an etiologic factor in establishing different types of malocclusions. 
 
The normal subject used for the superimposition of the group of maxillo-facial 
disharmonies is illustrated in the figure 21; the 2D and 3D analysis shows the value of the 
normal subject in the range variation of the normal subject for the value published in the 
literature.  
 
Figure 21: 3D reconstruction of the normal subject used for the superimposition, shows the 
occlusion relationship the Class I with normal anterior bite, the symmetrical mandible and 







The figure 22 to 29 illustrates the superimposition of two subjects from each group of 
maxillo-facial disharmonies. 
 The figure 22 and 23 illustrate two subjects of asymmetric groups. 
 The figures 24 and 25 represent two subjects of Class III maxillo-facial disharmonies. 
The figures 26 and 27 illustrate the superimposition of subjects of Class II division 2 
group.  
The figures 28 and 29 illustrate the superimposition of two subjects of Class II 
division 1 group.  
 
For all the groups of maxillo-facial disharmonies, the fit of the 2 basicranial 
configuration meshes were generated and then superimposed to determine if any changes 
occur. This systematic process was done by manually aligning 4 points on the basicranial 
configuration (2 round foramen and 2 foramen oval). This was followed by fine registration, 
when the computer software RF4 Plus Pack 2 determined the best fit of the 2 reconstructions. 
The observations will be presented by group of maxillofacial disharmonies; each group is 
represented by two subjects.  
 
 
6.2.5.1 .Superimposition of the asymmetric subjects vs Class I  
 
The sub samples of asymmetrical cases is composed of 126 subjects of asymmetries 
selected on the criteria of mid line incisor deviation, esthetically improved by the qualitative 
observation of the deviation of facial architecture and improved with the measure of the 3D 
parameters established in Treil & Faure analysis. This 3D analysis contributes to the study of 
the asymmetry in the three direction vertical antero-posterior and transversal as well. 
The two subjects were chosen for their clinical aspect of asymmetry, the first case has 
a trauma injury asymmetry while the second represent a simple case of asymmetry, and both 
of the cases were treated surgically. 
 
The whole basicranial 3D reconstruction of two subjects of asymmetric cases, figure 
22 and 23, were superimposed over a normal subject of reference group of Class I to 
determine changes that occurred. This systematic process started with the manual alignment 







This clinical report aims to assess and compares changes in basicranial configuration 
between the two subjects and a reference subject. The shell-to-shell deviation map shows 
differences between shells. The results include the maximum and minimum range of shell 
deviations, the average distance between the two shells and the standard deviation. 
In addition, the software produced colored face maps to determine the patterns within 
the basicranial configuration where there were differences in the alignment of the shells. 
 
Figure 22: The 3D reconstruction of the basicranial configuration of a normal subject and 
extreme asymmetric subject with trauma injury is presented. The Alignment on 4 points 
before superimposing with fine registration or best-fit methods; the color map shows the 
absolute differences.  The blue areas show that 85% of the 2 basicranial configuration 
matches one another. Absence of change is indicated by blue area, while green yellow and red 
areas respectively indicate the changes. The shell-to-shell differences in percentages were 
with great stability between each shell-to shell comparison. The changes of basicranial 









Figure 23: The 3D reconstruction of the basicranial configuration of a normal subject and 
asymmetric subject is presented. The Alignment on 4 points before superimposing with fine 
registration or best-fit methods; the color map shows the absolute differences.  The blue areas 
show that 99% of the 2 basicranial configuration matches one another. Absences of changes 
are indicated by blue area, while green yellow and red areas respectively indicate the changes 
The shell-to-shell differences in percentages were with great stability between each shell-to 
shell comparison. The changes of basicranial configuration were not clinically significant. 
There was little change.         








The mean ± SD shell deviation of the superimposed whole basicranial were 0.008 to 0.03 mm 
in the first case, and 0.019 to 0.19 mm in the second case. A closer look at the colored 
deviation map however, shows the exact areas where these differences lie. From the shell 
deviation map shown, it may be suggested that the differences between the basicranial 










 6.2.5.2. Superimposition Class III maxilla-facial disharmonies vs Class I 
Two subjects of Class III surgical were used to illustrate qualitatively the stability of 
the basicranial configuration between the Class III maxillo-facial disharmonies and Class I 
reference group. The first subject is a case of Class III malocclusion represented in the figure 
24, a male of 15 years present clinically an underjet, an asymmetric mandible to the left side 
and mandible prognathisme.  The second subject used, male of 20 years old, asymmetrical 
also to the left side with the anterior occlusion of Class III. Both subjects were treatment by a 
surgical procedure.  
 
Figure 24: The 3D reconstruction of the basicranial configuration of a normal subject and 
subject of Class III is presented. The Alignment on 4 points before superimposing with fine 
registration or best-fit methods; the color map shows the absolute differences.  The blue areas 
show that 91% of the 2 basicranial configuration matches one another. The changes of 
basicranial configuration were not clinically significant. There was little change.   







Figure 25: The 3D reconstruction of the basicranial configuration of a normal subject and 
subject of Class III is presented. The Alignment on 4 points before superimposing with fine 
registration or best-fit methods; the color map shows the absolute differences.  The blue areas 
show that 84% of the 2 basicranial configuration matches one another.  The changes of 
basicranial configuration were not clinically significant.                
 
 
The finding from the literature that the angle became obtuse while it is Class III 
subject analyzes is not supported in our results. Our results confirm one conclusion the 
basicranial configuration is not an etiologic factor in establishing jaw relationship. There is 
clear evidence from this study to confirm the view that cranial base flexion is not related to 











6.2.5.3. Superimposition Class II Division 1 maxilla-facial 
disharmonies vs Class I  
 
The abundance of literature on Class II craniofacial features is a consequence of the 
fact that many patients with this malocclusion are treated routinely with orthodontics. The 
issue of growth in Class II subjects has become more relevant because of the increasing 
interest in optimizing treatment timing and planning in dentofacial orthopedics. Jarabak’s 
cephalometric analysis uses the value of the cranial base angle in conjunction with other 
measurements to determine whether there is a retrognathic or prognathic skeletal pattern. 
In our study Class II malocclusion vs Class I controls were found, no differences in the 
configuration of the cranial base, it is notable that statistically significant differences were not 
shown between the Class I and different types of malocclusion.  
 
Two subjects aged 13 years and 8 months the first and 14 years the second, were chose 
to study the changes in basicranial configuration if it does occur compared to Class I reference 
subject. Within RF4, a shell-to-shell deviation map showing differences between shells is 
automatically produced. In addition, the software produced colored maps to determine where 
there were differences in the alignment of the shells. 
 
The subjects presented the variation corresponding in the diagnosis of a Class II 
division 1 as described by Angle’s classification with an overjet exciding 7 mm and skeletal 
pattern as well. 
Our findings from the 3D superimposition confirms the hypothesis that basicranial doesn’t 
present any differences changes and doesn’t play a role in establishing jaw relationship.  
Analyzing the color map the differences doesn’t occur in the sphenoid bone it self but 














Figure 26: The 3D reconstruction of the basicranial configuration of a normal subject and 
subject of Class II division 1 is presented. The Alignment on 4 points before superimposing 
with fine registration or best-fit methods; the color map shows the absolute differences.  The 
blue areas show that 70% of the 2 basicranial configuration matches one another.  Absence of 
change is indicated by blue area, while green yellow and red areas respectively indicate the 
changes. The shell-to-shell differences in percentages were with great stability between each 
shell-to shell comparison. The changes of basicranial configuration were not clinically 
significant. 
 












Figure 27: The 3D reconstruction of the basicranial configuration of a normal subject and 
subject of Class II division 1 is presented. The Alignment on 4 points before superimposing 
with fine registration or best-fit methods; the color map shows the absolute differences.  The 
blue areas show that 70% of the 2 basicranial configuration matches one another.  Absence of 
change is indicated by blue area, while green yellow and red areas respectively indicate the 
changes. The shell-to-shell differences in percentages were with great stability between each 
















6.2.5.4. Superimposition Class II Division 2 maxilla-facial 
disharmonies vs Class  I 
 
The abundance of literature on Class II craniofacial features consist of studies on 
subject with Class II division 1 occlusion. The study of subjects of Class II division 2 
malocclusion is absent from the literature. In our study Class II division 2 malocclusion vs 
Class I controls didn’t show any differences in the configuration of the cranial base.  
 
Two subjects aged 26 years and 2 months the first figure 14 and 15 years the second 
figure 28, were used to study the changes in basicranial configuration if it does occur 
compared to Class I reference subject. The subjects presented the variation corresponding in 
the diagnosis of a Class II division 2 as described by Angle’s classification with Class II 
malocclusion: The mesiobuccal cusp of the maxillary first permanent molar articulates mesial 
to the mesiobuccal groove of the mandibular first permanent molar and excessive lingual 
version of the anterior dentition.  
 
Our findings from the 3D superimposition confirms the hypothesis that basicranial 
doesn’t present any differences changes and doesn’t play a role in establishing jaw 
relationship.  
 
Analyzing the color map the differences doesn’t occur in the sphenoid bone itself but 
















Figure 28: The 3D reconstruction of the basicranial configuration of a normal subject and 
subject of Class II division 2 is presented. The Alignment on 4 points before superimposing 
with fine registration or best-fit methods; the color map shows the absolute differences.  The 
blue areas show that 70% of the 2 basicranial configuration matches one another.  Absence of 
change is indicated by blue area, while green yellow and red areas respectively indicate the 
changes. The shell-to-shell differences in percentages were with great stability between each 
shell-to shell comparison. The changes of basicranial configuration were not clinically 
significant 













Figure 29: The 3D reconstruction of the basicranial configuration of a normal subject and 
subject of Class II division 2 is presented. The Alignment on 4 points before superimposing 
with fine registration or best-fit methods; the color map shows the absolute differences.  The 
blue areas show that 70% of the 2 basicranial configuration matches one another.  Absence of 
change is indicated by blue area, while green yellow and red areas respectively indicate the 
changes. The shell-to-shell differences in percentages were with great stability between each 
shell-to shell comparison. The changes of basicranial configuration were not clinically 
significant 













The three-dimensional technique described above provides an efficient, valid and 
qualitative method to describe a difference change if it does occur. The three-
dimensional data obtained allows the magnitude and direction of changes to be better 
appreciated.  
 
The three dimensional studies are rare and the majority of the information on 
basicranial changes is inferred from cephalometric measurements. In general the 
literature described contradictory results. This method of qualitative representation 
study attempts to move away from conventional linear point measurements in the 
understanding of craniofacial changes. The use of colored maps and coordinate point 
recognition is relatively new but has allowed an insight into the understanding of the 
dynamics of differential changes and potential of growth. 
 
To date, no studies have been carried out using three-dimensional representation 
techniques. 
 
This study has been able to show areas of change in the basicranial configuration 


























































6.3 Results of study of the Asymmetry and other maxillo-facial disharmonies  
  
The frequency, site and degree of facial laterality give important clues in our 
understanding of the etiology of facial asymmetry and improve our diagnosis and treatment 
plans for patients with dento-facial deformities who are in need of orthodontic treatment or 
orthognathic surgery.  
 
As facial asymmetry can be specified as in transverse, vertical and sagittal direction; a 
three dimensional method helps us to assess components accurately. Following is the section 
exposing the result of our three dimensional study regarding the aims established before.  
 
In this section the results are exposed respectively in two parts the study of the facial 
architecture by the mean of morphometric geometric and the use of 3D analysis based on 
Faure and Treil analysis by use of C2000 and Cépha3DT software.  
 
 
6.3.1 Assessment of the asymmetry by use of Morphometric geometric  
 
6.3.1.1. Facial architecture shape variation  
 
In this section the facial architecture are compared as mean configuration to the mean 
configuration of the sample of Class I control group. Figure 30 shows the mean maxillo-facial 














Figure 30:  Mean facial architecture configuration of the Class I control group morphology 
derived from the sample of 62 Class I individuals. 











The mean shape of the facial architecture block when connecting the eight 
landmarks together shows a perfect symmetry model and will be useful for the study of 
the location of the asymmetry in all types of maxillo-facial disharmonies.   
 
The mean shape variation of the facial architecture configuration of the different 
groups of maxillo-facial disharmonies when assigned to the control group of Class I can 
describe the human asymmetry. Examination of the multivariate analysis results showed that 
the first and the second component explain the variation in the facial architecture and 
morphology located essentially in the lower part of the face and precisely in the 
Foramen Mental location. 
 
 Using Procruste superimposition, we distinguish the variation in facial 
architecture configuration, thus variation is sufficient to distinguish different types of 










Figure 31: The mean shape of the facial architecture of the five sample of the study. This 
qualitative analysis describes the location and prevalence of asymmetry in relation to different 
types of maxillo-facial disharmonies. The mean shape of the different types of the maxillo-
facial disharmonies are superimposed one to another. The five samples are identified by 
colors. The difference is located in the lower third of the face, in the mandible represented by 
the Mental landmarks in this figure.  















Studying the asymmetry regarding the different types of maxillofacial disharmonies it 
was not surprising that the first component extracted show a variation in the total sample. This 
was an interesting finding to the study and hypothesis tested.  Interestingly, these results 
reinforce the argument that the clinical aspect and expression of the asymmetry is related to a 
certain types of malocclusion as Class III which present the highest range of asymmetry. 
 
The GPA/PCA analysis allows us to appreciate the importance of morphology and to 
distinguish between size and shape factors. Since the cloudy of point is distinguished in 4 
separately parts, so the facial architecture configuration differ for the five sub-samples as 







The mean configuration of the four samples of the study representing the maxillo-
facial disharmonies pathologic, the Class II division 1, the Class II division 2, the Class III 
and Asymmetric group  superimposed one to another and to the mean configuration of the 
Class I control group, show a high stability in the maxillary-orbit area. This result will be 
developed in another part, by explaining the importance of this stability to define a plan useful 
for the classification, diagnosis of the asymmetry.  
 
Figure 32: PCA Analysis with wire frames representing mean shapes of facial architecture 
that correspond to the 4 samples of the study Class II div 1, Class II div 2, Class III and 
Asymmetric superimposed to the mean shape of Class I control group to study the asymmetry. 













Principal components of variation considering all landmarks and the five sample of the 
study sample. PC1 (the first relative warp) PC2 (the second relative wrap) separates between 
the five group data. Four area are distinguished identified by Class I group, Class II division 1 
group, Class II division 2 group, Class III and asymmetric group in one cloud of points.  The 
basicranial GPA/PCA analysis of individual data reveals 37% and 29.0% of total variance for, 







Using these two first PCs, the facial architecture configuration appears to have 
statistical significance to the different types of malocclusions.  All permutation tests 
reveal significant changes (at 1% confidence level) in facial architecture configuration.  
 
 
6.3.1.2. Thin plate analysis 
 
The individual scores of the first two relative warps are shown in Fig. (33A) and 
contain a strong specific signal. The first relative warp (Fig. 33B) contrasts vertically the 
difference, expanded at Mental Foramen distance, which  is locate in the vertical dimension of 
the face. This axis describes facial architecture variation related to the location of this 
landmark. The Class II division 2 groups reveals the diminution of the vertical dimension of 
the lower third part of the face and we can conclude that Class II division 2 are 
“Hypodivergent”, whether the asymmetric mean configuration in the right grid shows the 
most important augmentation in the lower third face dimension and the asymmetric are 
“Hyperdivergent”, it is not an unexpected result since the Asymmetric cases are composed for 
89% of Class III malocclusion.  
 The second relative warp (Fig. 33C) shows variation on the location of the Mental 
Foramen in the transverse direction. This warp describes the Class II division 1 sample (left 
grid, Fig. 33C) at its lower end and the Asymmetric sample (right grid, Fig. 33C) at its higher 
loadings. The mandible tends to be small in transverse dimension and larger in Asymmetric 


















Figure 33: PCA Analysis with wire frames representing mean shapes that correspond to the 
five samples of the study Class I, Class II div 1, Class II div 2, Class III and Asymmetric. 
 
                             
(A) Relative warps analysis. Principal components of variation considering all landmarks 
and all subjects included in the study represented by the five groups. PC1 (the first 
relative warp) represented on x axis shows separation between the different types of 
malocclusion in the vertical dimension , while PC2  represented on y axis separates 
between the group of malocclusion in the transverse dimension. The principle notable 
difference in the facial architecture configuration detective is shown in the third lower 
of the face. 
  
(B) The TPS grids show that the first relative warp represents variation related to the x 
axis, the difference is located in the position of the Mental foramen with significant 
statistic to this variation  
 
(C) The second relative warp contrasts a variation in the position of the Mental foramen in 











Figure 34 demonstrates the pattern of deformation (the total spline) of the mean Class I 
grid when it is transformed into the mean morphology derived from 62 subjects in Class II 
division 1, 62 subjects in Class II division 2, 62 subjects in Class III and 126 subjects 
asymmetric cases. When transforming the Class I facial architecture configuration toward the 
pattern of different types of malocclusion, the transformation grid showed evidence 
differences in the lower third of the face in the three directions. 
 
Figure 34: Shape changes derived from TPS analysis of facial architecture evolution between 
the mean configurations of facial architecture shape in all samples of the study CL I reference 
group, CL III, CL. II div.1, CL. II div.2, Asymmetric    












Thin-plate spline permits the depiction of the facial architecture configuration in all 
groups of malocclusion. Mean facial architecture configuration of normal controls and 
pathologic malocclusions graphical display showing the differences that exist in the mandible 
as total spline in all subjects. There was evidence to describe the direction of human 
asymmetry, location and prevalence in relation with the different types of malocclusion when 
compared to Class I reference group. 
 
In conclusion the difference is located in the third lower part of the face precisely 







Figure 35: Total splin for overall pattern of facial architecture configuration for the five sub 
samples of the study. The grid shows the transformation in the lower landmarks and precisely 
in the Mentlal landmarks. 
 














The Total spline for overall pattern of deformation, when transforming a Class 1 facial 
architecture configuration respectively into the Class II division 1, Class II division 2, Class 
III and asymmetric configuration is given in figure 35. The transformation grid shows 
transformation in the third lower part of the face. The overall pattern of facial 
architecture configuration highly differs in the lower third part of the face and the 
mandible. This difference is detected in the four groups of the study when compared to 
the mean shape of Class I reference group. 
 
In conclusion, comparing the size and shape of the facial architecture 
configuration in subjects with different types of maxillo-facial disharmonies, the facial 
architecture is described in details and gives more precision to the diagnosis evolution 
effect of growth and treatment plan as well. This finding will be revealed in the next 









6.3.1.3. Statistical test  
The Table XIII gives the results of Goodall’s test for differences between mean shapes 
and allows comparison related to category of malocclusion. To appreciate if any difference 
exists we performed a Goodall test within category of malocclusion and Wilk’s lambda test. 
The table XIV shows the result of permutation test for differences within group 
variances.   
The difference of variance was significant between all categories of malocclusion.  
 
6.3.1.3.1 Goodall Test   
Table XIII:  Tests for shape differences between the four categories of malocclusion to the 
reference Class I examined on mean configuration by using a Goodall’s F-Test with a 1% 
confidence level.  The mean configuration of Class I admitted as reference of normal 
occlusion.  
Between the five categories, F score and P value (1%) are given successively in each cell. No 
Significant difference are observed for all category. 1‰ F= 2.13 1% F= 1.79; 5% F= 1.52 
Categories  F test  P 
Class II division 1/Class I  2.0235 0.0035 
Class II division 2/Class I 2.1401 0.0019 
Class III / Class I 2.121 0.0015 
Asymmetric /Class I 1.962 0.0012 
 
Table XIV:  Tests for shape differences between the four categories of malocclusion 
examined on mean configuration by using a Goodall’s F-Test with a 1% confidence level.    
Between the four categories of malocclusion, F score and P value (1%) are given successively 
in each cell.  Significant difference is observed for all the category of maxilla-facial 
disharmonies.  1‰ F= 2.13; 1% F= 1.79; 5% F= 1.52 
Categories  F test  P 
Class II division 1/ Class II division 2  2.2013 0.00185 
Class IIdivision 2/ Class III 2.4384 0.00987 
Class III/ Class II division 1 3.2571 0.0192 
Asymmetric / Class III 3.0321 0.00182 
Asymmetric  / Class II division 1 3.1360 0.00181 






Three major observations can be made about the facial architecture configuration of 
the five samples of the study.  
 
• First the mean shape of facial architecture configuration is highly stable 
between the five samples of the study in the upper region of the face but it 
is highly different in the lower third of the face.  
• The second major concerns the side deviation and the human laterality of 
the asymmetric sample which is described to be to left side.  
• The third major, concerns the definition of a stable plan that can be used 
to classify and diagnosis the facial asymmetry.              
          
 
6.3.1.3.2. Wilk’s lambda test  
 
The Wilks' Lambda is a statistic test used by Discriminant Analysis in order to test if 
the sub sample groups compared to Class I control group have significantly different 
averages. The Wilks' Lambda measure and the P-value are represented below.  
 
The value of the test shows a λ= 0.3580196293 and p value ρ= 0.4361791181. This 
value of Wilks Lambda (near 0) indicates groups with significant differences that are 
locate in our study in lower third part of the face precisely in the mandible located in the 
Mental Foramen referred to the superimposition described in figure 31 .   
 
From the findings obtained in this study, we conclude that facial architecture is 
different in different types of malocclusion and second this work shows the importance of 
morpometric geometric in analyzing the location and prevalence of asymmetry between 
different types of malocclusion, that this method of analysis represents a significant advance 
because our present results and because the three D results that will follow in the second part 









6.3.2 Assessment of the asymmetry by use of Euclidean distance matrix 
analysis (EDMA): A test for shape comparisons 
 
In this section we compared the facial architecture configuration of the pathologic 
maxillo-facial four groups with the class I reference group.  
We choose to represent the inter-points distances with significant approach; these 
distances calculated were reported in table results and listed in the Annexes. The shape and 
shape differences matrices are reported in Tables (V, VI, VII, and VIII) listed in the annexes 
section.  
 
As follow, the result of the inter-points distances are represented for each group of 
maxillo-facial disharmonies compared to class I reference group and are commented with 
regards to the null hypothesis that no difference in facial architecture configuration exists 
when the intervals at 90% confidence contains zero.  
 
In our statistical analysis we find significant differences in facial architecture 
configuration between Class I control group and maxillofacial disharmonies. 
 
 
6.3.2.1. A test for shape comparisons Class I and Asymmetric group  
 
Sorted elements of the shape difference matrix of Class I reference group and 
asymmetric groups illustrated in the table V listed in the Annexes shows the inter-points 
distances contain zero in some of the parameters measured and does not contain zero in 
others.  The Ho is rejected so the facial architecture configurations between Class I control 
group and asymmetric differ.  
 
The transversal parameters were similar for the upper area, the orbital area and 
different in FMR – FML distance, lower in Class I than in Asymmetric sample. For the 
vertical parameters the differences lies in the lower third part, IOR-FMR and IOL-FML. For 








The clinical application, description, classification and diagnosis for the 
asymmetry are:  
1. Mandible larger in asymmetric group. 
2. Asymmetries and Class III relationship. 
3. Asymmetry vertical and left predominance. 
4. “Hyperdivergent” and asymmetry relationship.  
 
 
6.3.2.2 .A test for shape comparisons Class I and Class III group  
 
The table VI listed in the Annexes represents the sorted elements of the shape 
difference matrix between Class I reference group and Class III group. The inter-points 
distances for all parameter measured contain zero, except for the lower part of the face, the 
Ho is rejected and that the facial architecture configuration between Class I control group and 
Class III differs in the lower part of the face regarding the direction of asymmetry.  
 
The transversal parameters were similar for the upper area, the orbital area and 
different in FMR – FML distance, lower in Class I than the Class III group. For the vertical 
parameters the differences lies in the lower third part, IOR-FMR and IOL-FML. For the 
antero-posterior parameters the differences lies also in the HMR-FMR and HML– FML.         
 
Regarding the analysis of Class I malocclusion and Class III malocclusion the 
following conclusion are deducted: 
 
1. Mandible larger in asymmetric group.  
2. Class III “Hyperdivegent”.  
3. Asymmetry predominantly left. 
 
 
 6.3.2.3. A test for shape comparisons Class I and Class II division 2   
 
The shape difference matrix between Class I control group Class II division 2 group is 
presented in Table VII in the Annexes. The inter-point distances for the three groups of 






the facial architecture configuration between Class I control group and Class II division 2 
differ in the vertical dimension.  
 
The transversal parameter were similar for the upper area, the orbital area and different 
in FMR – FML distance, in Class I < Class II division 2. For the vertical parameters the test 
didn’t reveal any difference. For the anteroposterior parameters the differences lies also in the 
HMR-FMR.         
 
The following conclusion and clinical application are deducted:  
1. Class II division 2 “Hypodivergent”. 
2. Symmetric cases.   
 
 
6.3.2.4. A test for shape comparisons Class I and Class II division 1  
 
The shape difference matrix between Class I and Class II division 1 disharmony is 
listed in the table VIII represented in the Annexes. The inter-points distances of the three 
groups of vertical parameters contain zero in all the distances measured, but the differences 
are found in the distances of antero-posterior and transversal parameters, the Ho is then 
rejected and that the facial architecture configuration between Class I reference group and 
Class II division 1 differs also in the vertical dimension in the third lower part of the face 
located in the mandible.  
 
The following clinical applications can be deducted:  
1. The mandible is smallest in Class II division 1 then in Class I. 
2. The Class II division 1 “Hyperdivergent”. 













6.3.3. Superimposition of the biological shape after 3D reconstruction   
 
The world of three-dimensional (3D) technology has developed at a rapid pace over 
the last decade, allowing newer machines and advanced software. These advancements have 
produced fast and efficient applications for the clinical and laboratory settings. Likewise, 
medical imaging has moved from two-dimensional representations (radiographs and color 
photographs) to more sophisticated 3D techniques.  
 
Images using this technique have been created to establish databases for normative 
populations, for cross-sectional growth changes, and for the assessment of clinical outcomes 
in surgical and nonsurgical treatments in the head and neck region for one patient compared at 
different times. All systems are affected by changes in muscular tone, nasal breathing, and 
head posture of the subjects measured.  
 
Figure 36.A: 3D reconstruction of the normal subject used for the superimposition, shows the 
occlusion relationship the Class I with normal anterior bite, the symmetrical mandible and 














To illustrate the changes, a comparison between two reconstructions is described. The 
two subjects: the first is a case of Class I reference group with perfect symmetry a Class I 
molar relationship and incisor, the second subject presents an extreme clinical situation of 






Figure 36.B:  Comparison between two subjects one illustrating the similarity of the orbital 















This illustration support the hypothesis that the orbital part is stable and the changes 
occurs in the lower part of the face at the mandible. The normal subject used for the 
superimposition of the group of maxilla-facial disharmonies is illustrated in the figure 36A; 
the 2D and 3D analysis shows the value of the normal subject in the range variation of the 


















.Figure 37: The 3D reconstruction of the facial architecture of a normal subject and extreme 
asymmetric subject with trauma injury is presented. The Alignment on 4 points before 
superimposing with fine registration or best-fit methods; the color map shows the absolute 
differences.  The blue areas show that 60% of the 2 facial configurations match one another.  
Negative changes are indicated by green yellow and red areas, respectively. The shell-to-shell 
differences in percentages were with great stability in the upper part and differences occur in 


















In our study, we have found that facial morphology was reproducible. However, the 
vertical and the transversal dimension of the face for example are a major factor of error 
which can’t permit effective measure of the changes if it does occur. To test the facial changes 
between two subjects, the Class I reference and Class III for example, the problem remains at 
different points. The characteristic of the Class III subjects as established in the Euclidean 
matrix analysis test are as follow: 
1. Mandible larger in asymmetric.  
2. Class III “Hyperdivegent”.  






To test the change by alignment of 4 points the Supra Orbital Left and Right and the Infra 
Orbital Right and Left, the changes will be missed at several points as illustrated in figure 37: 
1. Vertical dimension will not be compared. 
2. The transversal problem will not also be compared. 
3.  The dental compensation also will not be compared. 
 
Figure 38: The 3D reconstruction of the facial reconstruction of a normal subject and subject 
of Class III is presented. The Alignment on 4 points before superimposing with fine 
registration or best-fit methods; the color map shows the absolute differences.  The blue areas 
show that 84% of the 2 basicranial configuration matches one another.  Negative changes are 
















6.3.4. Definition of a 3D plan for diagnosis and classification of Asymmetry  
 
There is an inherent problem in establishing the standard reference axes for the 
evaluation of craniofacial asymmetry because there are difficulties in finding anatomical 
landmarks that are not affected by growth. The laterality of the human face has been 
investigated using methods involving frontal facial photographs, posteroanterior 
cephalograms, and stereophotogrammetry. The key to evaluating facial asymmetry with any 






no absolute facial midline, we employed bilateral landmarks based on the definition of 
the facial architecture used by Faure and Treil 3D analysis.  
 
Figure 39: Superimposition of the mean shape of facial architecture of the five samples of the 
maxillo-facial disharmonies of the study. The orbital level characterized by connecting the 
following landmarks SOR&L, IO R&L and HM R&L show a high degree of stability and can 
be considered as an invariant. 









Excluding the foramen mental landmarks that described as before the location and 
degree of facial asymmetry, we will intend to establish a reference plan for the classification 
and 3D diagnosis of the asymmetry. After the superimposition of the orbital level of the 
facial architecture “charpente” we noticed the high stability of this level. The figure 40 
shows the importance and significance of this stability for the definition of a 3D plan which 
can be used in the future analysis and 3D studies as the reference plan for the quantification 
and classification and study of the asymmetry. 
 
Figure 40: Superimposition of the mean shape of facial architecture of the five sample of the 
study. The orbital level shows a high degree of stability and can be considered as an invariant 
when Mental foramen landmarks are excluded. 
                          









A Wilks lambda test was conducted. The test shows a λ=1 and p value ρ=1. A high 
value of Wilks Lambda (near 1) indicates groups with no separate or differences. If we want 
to determine a frame of reference to appreciate the maxillo-mandibular morphology, the best 
choice will be the basic plan of the orbital anatomy, and the best definition will be tied with 
orbital flour (Infra Orbital Right and Left, Head of the Malleus Right and left). This plan 
belongs to the stable orbital anatomy and is very close to the maxillo-mandibular anatomy, 
site of frequent pathology diagnosis and treated in orthodontic.  
 
The choice adopted for the reference frame in the 3D analysis conducted in C2000 
and Cépha 3DT influenced by J.Faure opinion was the following: 
• Origin (O) of the reference frame: middle of Infra-Orbital points Left and Right 
(IOL-IOR).  
• X axis: IOL-IOR axis oriented from right to left. 
• Y axis passing through O perpendicular to the preceding one, oriented from 
backward to forward, and touching the segment joining the 2 landmarks left 
and right Head of the Malleus. 
• Z axis is perfectly defined to give an orthonormal reference.  
 
This orthonormal reference will be used in the 3D analysis Faure and Treil in the next 
section. It is a precise and accurate tool for the quantification and establishing the new three D 
parameters for the description of the orthodontic pathology as well.  
 
This section will be divided in several parts and describe the Class II and Class III 
















6.3.4. Assessment of the asymmetry and study of pathologies by the use of C2000, 
cépha3DT and Treil & Faure analysis 
 
We will describe in this part all the samples (normal and pathologic ones) first 
regardless of asymmetry and after we will study specially the asymmetry. 
 
 
6.3.4.1. Description of the samples regardless of the asymmetry 
 
The description of the samples will be conducted regardless the asymmetry.  
The data of the mean values for each sample (Reference/class III/class II/asymmetric) 
are given in tables XV (2D usual data); the 3D parameters are given in table IX ( 
anteroposterior parameters), table X (vertical parameters) and table XI (transversal 
parameters) listed in the annexes section. 
Table XV: 2D parameters for the description of the sub-samples                       
 
  Classe III Classe II Asym. Classe I 
SNA 80,22 82,475 77,741 81,714 
SNB 82,159 74,791 76,344 79,629 
ANB -1,939 7,684 1,397 2,086 
AOBO -7,029 4,066 -4,365 -0,21 
FMA 27,324 28,709 25,203 24,891 
GOGN/SN 35,417 35,96 36,495 28,053 
I/NA  (mm) 6,472 3,454 5,457 5,033 
I/NA  (°) 24,892 17,089 19,016 22,145 
i/NB  (mm) 5,269 4,292 4,557 5,585 
i/NB  (°) 19,833 20,307 20,141 26,002 
IMPA 81,407 89,415 86,236 88,779 
Po/NB 3,66 2,699 -2,038 1,99 
Z 84,253 68,5 84,253 76,274 
FMIA 71,269 61,962 68,564 66,712 
 
The t test was applied between reference and each pathologic sample, for all values. A 
value printed in red, green or blue in a pathological sample, indicates a significant difference 






analyze the four samples one after the other using 2D and overall 3D analyses. Each sample 
of malocclusion will be analysed by comparison with the reference sample, to describe the 
pathology. 
 
6.3.4.1.1. Reference Sample  
 
First of all we will describe our sample in the 2D analysis, in that way the values given 
by the 2D conventional analysis allow us to control the orthomorphic characteristics of this 
sample, in agreement with the well known data. Our sample description from the 2D analysis, 
shows a perfect skeletal Class I (ANB and AoBo), normodivergent sample, with a slight deep 
bite tendency in consideration of GoGn/SN only. From the dento-alveolar point of view it is 
slightly biprotrusif (1 to 1,5 mm), for linear values overall. The mean values of the reference 
group are listed in table XXIII. 
 
Analysed in 3D with Faure and Treil analysis derived from C2000 and Cépha3DT, the 
values given by the 3D analysis will be used as a reference for the study of the other samples; 
they are in agreement with the normal samples we used in the past(H. DAH and al., 2006). 
The 3D medium values of reference sample and pathologic samples are represented in the 
Tables IX, X and XI. 
 
6.3.4.1.2. Class III sample 
 
 Antero-posterior direction 
 
The 2D analysis confirms obviously the surgical orientation of the sample for 
anteroposterior parameters (medium values: ANB: -1.94 and AoBo: -7.03). Thus it confirms 
the validity of the diagnosis of our correspondents, who selected and addressed the patients, 
and the validity of the board’s decision to include them in the study. The statistic intervals 
defining Class III and normal samples are presented below and allowed us to precise the 
“surgical border line”. The values are represented in the table IX listed in the annexes section.  
Reference sample 
ANB = 2.086+/- 2.672  interval: [-0.586, 4.758] 







Class III sample 
ANB = -1.939+/- 2.509  interval: [-4.448, +0.570] 
AoBo= -7.029+/-3.613   interval: [-10.642,-4.416] 
The surgical limit takes place at about 0° and 3.7 mm for ANB and AoBo 
respectively. The 2D analysis shows otherwise a little “Hyperdivergence”. We note a 
slight “biprotrusion” versus known standards values like in our reference sample. This 
protrusion is accentuated in the maxilla and reduced in the mandible by a class III 
compensating process. 
 
The mean values of the 2D analysis are listed in table XIII presented in the annexes section.  
 
The 3D analysis shows the following values and characteristics of the sample. The 
three levels are described, architecture, basal and arches. The 3D analysis values are 
represented in Tables IX, X and XI presented in the annexes. 
 
The Architecture level shows the following characteristics:  
 
The general shape is affected: slight retrusion of IO area (angle 6 and MHM-
MSO/MHM-MIO increase), but the position of M is prominent versus orbital zone (MMy 
advancement: 6.3 mm, angles 5 and 12 strongly inreased). 
 
The Bases level shows the following characteristics:  
  
The basal discrepancy is important (MNPy-MMy,-7.5 mm, GBMy-GBmy, -7.96 mm) 
due to a great mandibular advancement (GBMy, +7,49 mm). The global mandible size is 
increased (MHM-MM: +7.37 mm, and MHM-MM versus MHM-MIO and MHM-MSO 
increase) but the corpus remains standard.  
 
The Arches level shows the following characteristics:  
 
Arches discrepancy is also important, -4.84 mm for the complete arches and -5.49 mm 








Let us observe the class III compensating process:  
• Little retraction of the upper base (-1.33 mm)/normal position of the upper arch. 
• Lower basic advancement (MMy, +6.3 mm)/but lower arch advancement reduced 
(Gmy, -4.8 mm). 
• The discrepancy is reduced from MNPy-MMy=-7.6 mm to GMy-Gmy= -4.8 mm. 
• Torque compensations are present in the mandibular incisors (8.53°). 
There is a little biprotrusion. 
 
Vertical direction 
In the vertical direction, the 2D analysis illustrates the values of our sample.  
The class III sample is lightly “hyperdivergent” versus the known normal values and 
versus our reference sample (about 2.4° for FMA). 
 
In the vertical direction, the 3D analysis confirms and clarifies the vertical excess:  
• It is linear and angular (MMz, MHM-MIO/MHM-MSO, 13, 13/14). 
• It affects lightly linearly and angularly the orbital level (14 affected and not 13 angle, 
+1.9°; MSOz-MIOz increased by 1.8 mm). 
• The maxillo-mandibular level is affected overall linearly (13 unchanged; MM-
MIO/MM-MSO, MMz, MHM-MFM increased). The linear parameters increase 
equally in anterior and posterior face (MM-MIO and MHM-MFM about +5 mm); their 
ratio does not change. 
• The arches are also affected: maxillar and mandibular arch coming down is a little 
lesser than that of M points (GMz, +4.1 mm and Gmz, +3.8 mm); so it appears a little 
incisors open bite (GIM-Gim increase). 
 
Let us underline one of the the higher perturbations, the increase of the ramus 





The transversal mandible excess is significant at the architectural level (RM-LM 






with RGP-LGP decreases) and at the alveolar level (diameters between hemi-arches and 36-
46 increase) Alveolar and basic mandible diameters appear strongly tied. The upper basic or 
architectural diameters do not change (RIO-LIO, RGP-LGP), but the upper alveolar widths 
(A, dM) follow the mandible ones with a weaker tie, for occlusal reasons.  
In conclusion for the description of the Class III sample by the values of 3D analysis 
Faure and Treil shows the following characteristics that can be admitted as represent the Class 
III means values in the 3D literature. 
 
Figure 41: Characteristics of the mean values of the Class III sample in 2D and 3D analysis  
 
 
    So the surgical class III sample appears as overall a great mandibular excess 
(mandibular excess and anterior advancement: 7.5-8 mm) concerning global size and 
ramus. The associated vertical excess is mainly linear and homogeneous: ramus increase 
and anterior increase are parallel. Transversal mandibular excess is tied with other 
dimensions excess; the maxillar alveolar transversal excess observed is probably due to 










6.3.4.1.3 .Class II sample 
 




The 2D analysis confirms here again the surgical orientation of the sample for antero-
posterior parameters (medium values: ANB: 7.68° and AoBo: 4.07 mm).  
The statistic intervals defining class II and normal samples allows us to precise the 
“surgical limit”. The 2D values of the Class II sample are listed in Table IX. 
 
Reference sample 
ANB = 2.086+/- 2.672  interval: [-0.586, 4.758] 
AoBo= -0.210+/-2.818   interval: [-3.028, 2.688] 
 
Class II sample 
ANB = 7.684+/- 2.604  interval: [5.08, 10.288] 
AoBo= 4.066+/-2.724   interval: [1.342,6.79] 
 
The surgical limit takes place at about 5° and 2mm for ANB and AoBo 
respectively. 
 
The 3D analysis shows the following values and characteristics of the sample. The 
three levels are described, architecture, basal and arches. The 3D values describing the 
Sample of Class II are listed in Table IX, X, XI represented in the annexes section.  
 
At the Architecture point of view, the orbital level remains normal. 
 
At the maxillo-mandibular level we note a retreat of M points (about -3.6 mm), with 
a briefness of mandibular corpus (MMy, 5 angle, MHM-MIO/MHM-MM).  
 
The orbital level being normal we observe the same briefness versus the supra-orbital 







At the Bases level, we observe a discrepancy between the bases of about 2 mm, due to 
maxilla advancement, despite a more important discrepancy between upper and lower anterior 
basal points. MNP to MM discrepancy is about 5.8 mm by advancement of MNP (2.2 mm) 
and retreat of M points (3.6 mm). The mandibular basis length is strongly decreased (4.7 
mm). 
 
At the Arches level, the upper arch follows basic maxillary advancement (+2.7 mm) 
and lower arch follows partially architectural mandibular anterior retreat (-1.6 mm for a basic 
anterior retreat of -3.5 mm). The inter-arches discrepancy is then less important (about 4.3 
mm) than inter-bases discrepancy.  The incisors discrepancy is more important (5.4 mm: 
maxillary advancement 4.4 mm and mandibular retreat -1 mm) probably because of functional 
problems. The upper incisors torques is moreover decreased (6°).  
 
 Vertical direction 
The 2D analysis shows otherwise a little hyperdivergence (about 4°) 
 
The 3D analysis:  Concerning architectural level, we find a very slight 
“hyperdivergence” in agreement with 2D data (only the architectural parameters are increased 
(13, 14 about 2°); but linear anterior parameters are not affected. 
The bases show a clockwise rotation because of a very short vertical mandibular bone (-8 
mm). The arches are not significantly changed linearly and angularly; we observe a 
supraclusion (GIMz-Gimz decreases). 
 
 Transversal direction 
 
Concerning the architectural level, we find an increase of IO diameter. 
Concerning the bases we note an increase of mandibular diameters (M and FM) versus 
HM diameter, and a reduction of maxillary posterior diameter (GP) versus FM and IO 
diameters. 
The study of the arches shows a general diminution of wideness (inter-hemi-arches 
and inter molars). There is a compensating upper molar torques diminution (Tq16+Tq26/2).  
May be that is a consequence of functional problems. 
 






Figure 42: Characteristics of the mean values of the Class II sample in 2D and 3D analysis  




The important class II is mainly due to insufficient growth of the mandible, 
concerning both horizontal and vertical parts (-3 and -8mm). An advancement of 
maxillary basis (2mm) contributes to the global discrepancy.  
 
At the alveolar level the anteroposterior discrepancy remains unchanged (about 
5.8 mm) though the upper incisors advancement exceeds the basic maxilla advancement 
and lower incisor retraction remains lower than basic mandible retraction. 
 
In the vertical direction the “hyperdigence” remains moderated, don’t affect the 
linear data and is compensated at alveolar level. 
 
In the transversal direction, the upper widths are reduced, at basic and alveolar 
levels, may be because of maxilla anteroposterior stretching and of functional causes. 












The asymmetric sample will be studied in the 2D analysis and in the 3D analysis Faure 
and Treil.  
The 2D analysis values are listed in the Table XIII. The 2D analysis shows the 
following characteristics:  The exam of mean values of AoBo, shows a class III tendancy, but 
ANB is not changed. The exam of the percentages of class I/class II/class III shows a 
heterogeneous sample: We find 6 great class II (ANB >5°) and one frankly surgical 
(ANB>10°) and 8 great class III (ANB <-1°) with 2 surgical cases (ANB <-6°). The exam of 
the AoBo or ANB distribution confirms that this sample, selected only by the existence of an 
occlusal asymmetry, is not Gaussian; so even the medium values don’t have a clear 
signification! And the use of Gaussian tests or of correlation matrix is not interesting. 
 
The 3D analysis value listed in Table IX, X, XI represented in the annexes section, 
show the following characteristics:  
• It shows a little retrusion of IO/SO (MHM-MSO/MHM-MIO, 6 angle). 
• The 3D mean data show class III predominance at the basic level only: the basic 
discrepancy due to equivalent upper retraction and lower advancement reaches only -
3.14 mm. 
• It lowers in anterior areas and almost disappears at alveolar level by a compensating 
effect; this is mainly seeing able by the posterior tipping of lower incisors (torque 





The 2D analysis shows a little “Hyperdivergence”, restricted to the orbital area 







The 3D analysis confirms the vertical linear and angular excess, present at the three 
levels (architecture, bases, and arches). But the distribution is different, mainly maxillo-





We find a transversal mandibular excess versus diameters inter HM and inter GP. At 
the alveolar level we find also a transversal excess of the lower arch (dm). 
              
In conclusion, the asymmetric sample is characterized by a class III tendancy 
medium profile and a heterogeneous composition. This class III discrepancy is mainly 
present at basic and alveolar levels. “Hyperdivergence” and transversal mandibular 
excess are classically present. 
 
 
6.3.4.2. Study of asymmetry of the samples 
 
The mean values of asymmetry parameters are given for each sub sample, in the tables 
XIIa (transversal asymmetry), XIIb (vertical asymmetry) and XIIc (antero-posterior 
asymmetry) presented in the annexes section.  





We will use mainly the transversal position (x coordinate) of uneven points or of 
middle point of two even points. 
 
At the alveolar level, we examine mainly the centres of gravity of dental groups: 
incisors, molars, and whole maxillar or mandibular arches. We are also attentive to horizontal 
rotation of arches main axes. 
At the basic level we use the x coordinate of one even point and of three middle basic 








We will analyse the vertical asymmetry by the difference between right and left z 
coordinates or altitude, of even points. 
 
For the alveolar level we study the difference of altitude of molar centers of gravity, 
right  minus left, and also the rotation of the axes of inertia of arches in the frontal plan 
(the”rolling” of the arches). 
 
The basic level is analysed by the difference of altitude between right and left basic 
reference points (GP, FM, M; M being a mix point). 
 
The vertical asymmetry of the general architecture is measured mainly by the 
difference between right and left altitude of basic even points: SO, IO, M) and also by the 
difference between the right and left almost vertical segments of the architecture (SO-IO, SO-





The antero-posterior asymmetry is measured mainly by the difference between y 
coordinate of right and left even points. 
 
At the alveolar level we use the molar centres of inertia, at the basic level we use the 
points GP, FM and M, M being a mix point. 
 
At the architecture level we use the y coordinates of points SO, IO, and of course M, 
but we use also the differences between the right and left almost horizontal segments of the 















The 3D values analysis described by Faure and Treil are listed in the Table XII 
represented in the annexes section. 
We only consider in our comment the mean values of reference samples which differ 
significantly from ideal symmetry. 
• The centres of inertia of dental groups (arches, incisors, molars) deviate 
significantly to the left direction (from 0.5 to 1.1 mm, 0.82 for the incisors 
group Gimx); the horizontal rotation to the left of the lower arch versus upper 
arch reaches 3.8°.  
• The centres of inertia of upper and lower bases also deviate to the left 
(respectively 0.54 and 1.11 mm), but the asymmetry of posterior mandibular 
points (FM) is stronger (1.4 mm). 
• The asymmetry is always stronger in the mandible. Finely the chin deviates 




The 3D values analysis described by Faure and Treil are listed in the Table XIII 
represented in the annexes section. 
• All the right points are lower than the left ones (from 0.5 to 1.8 mm); the most 
affected are the mandibular points (M: 0.9 mm, FM: 1.8 mm). 
• The arch rolling is significant even if it is light (mandible 0.6°, maxilla 1.2 
mm). The arches are tilted to the right. 
 
All the measurements are backing this altitude difference: 
• The right facial heights (total, maxillo-mandibular or orbital) are stronger than 
the left ones(from 0.6 to 1.1 mm) 
• The right divergences (total, maxillo-mandibular or orbital) are stronger than 
the left ones. 









The 3D values analysis described by Faure and Treil are listed in the Table XIV 
represented in the annexes section. 
• The right point is always ahead of the corresponding left point with a difference of 
0.6mm to 0.9mm. The difference is higher for the mandibular points (1.5 mm for the 
M points and 2 mm for the FM points). 
• The facial depth is more important on the right side (HM-IO and HM-SO) 
• The mandibular corpus is stronger on the right side (right excess: 0.94 mm) following 
the global length (right excess 1.3 mm). 
 
 
In conclusion the reference sample is characterised by a light asymmetry and a 
superiority of the right hemi-face with: 
• A deviation to the left of all median points 
• A counter-clockwise rolling of the transversal facial lines, in frontal view 
• An advance of the right anterior hemi-face versus the left. 
 
We will call this a “normal asymmetry” or “lateralisation” 
We will appreciate the symmetry of pathological samples both in comparison with 
perfect symmetry and with “normal asymmetry”. These two tests will give us 
respectively, the “absolute asymmetry” and the “relative asymmetry”. 
 
 
6.3.4.2.2. Class III sample 
 
The 3D values analysis described by Faure and Treil are listed in the Table XII, XIII, 
XIV represented in annexes section.  
The great asymmetries (deviation of Gim and MM together upper than 3 mm) are 29% 










The 3D values analysis described by Faure and Treil are listed in the Table XII 
represented in the annexes section. 
 
Absolute asymmetry is a deviation in the same direction as in the reference sample, 
but it is much more important. Thus the pathologic asymmetry is significant for almost all the 
parameters: Alveolar inertia centres (arches, incisors, molars) reach strong deviations in the 
mandible: (2.1 mm for Gmx, 2.7 mm for Gimx, 1.9 mm for Gmmx) ; they are less important 
in the maxilla where the deviation differs significantly from reference sample, only for GIMx. 
The lower arch rotates to the left (6° versus sagittal plan and 2.2° versus “normal” sample). 
The basic gravity centres and median points deviation does not differ from the reference 
one’s, excepting GBmx, the chin however is much more deviated in the class III sample than 





The 3D values analysis described by Faure and Treil are listed in the Table XIII 
represented in the annexes section. 
• All the right points are lower than the left ones but much more than in the 
reference sample(from 1 mm to 3 mm) ; the most affected are the mandibular 
points( M: 1.67 mm, FM: 3.01 mm). 
• The arch rolling is more important than in the reference sample (0.76° and 
1.17°).  
 
All the measurements are backing this altitude difference: 
• The right facial heights (total, maxillo-mandibular or orbital) are stronger than 
the left ones(from 0.6 to 1.1 mm) 
• The right divergences (total, maxillo-mandibular or orbital)  are stronger than 
the left ones 









The 3D values analysis described by Faure and Treil are listed in the Table XIV 
represented in the annexes section. 
• The right points are generally ahead of the left points but more than in 
reference sample.  
• The right molars are advanced of 1.28 mm and 2.02 mm versus left ones, much 
more than in reference sample. 
• The right basic side is longer than the left one (FM-M, GM-NP). But facial 
depth is also more important on the right side overall at mandibular level (HM-
IO, HM-SO, HM-M). Thus anterior mandibular points positions do not differ 
significantly (M). Angular parameters confirm this right excess (SO-IO-M 
angle and HM-IO-M or 5 angles). 
 
In conclusion, compared with reference sample, the class III sample has a relative 
asymmetry or pathological asymmetry, characterized by a right side drawn forward and 
lifts down versus left side, with a left deviation of the lower face. 
Un terms of absolute asymmetry, it presents the same kind of asymmetry than reference 
sample but much more accentuated. 
 
 
6.3.4.2.3. Class II sample 
 
The 3D values analysis described by Faure and Treil are listed in the Table XII, XIII, 
XIV represented in the annexes section.  
The great asymmetries (deviation of Gim and MM together upper than 3 mm) are 10% 














The 3D values analysis described by Faure and Treil are listed in the Table XII. 
Absolute symmetry study shows a light deviation on the right, in the opposite direction 
of the reference sample one’s. Thus the pathological asymmetry is significant for all the 
parameters: Alveolar inertia centres (arches, incisors, molars) have the same deviation versus 
reference sample (between 0.98 mm and 1.63) as basic gravity centres and basic median 
points (between 0.85 and 1.46 for GBMx, GBmx, MGPx,MFMx) The deviation is always 
more important at mandibular level.The chin however is lightly deviated on the right (-0.34 
mm), this fits with an important deviation versus reference sample(-1.22). The dentition 





The 3D values analysis described by Faure and Treil are listed in the Table XIII 
represented in the annexes section. 
At architectural and basic mandibular level the right side is shorter than left side (FM, 
IO-M , divergence: SO,HM,M and IO,HM, M).The right/left difference reaches 3.74 mm for 
FM points or an excess of 5.61 mm versus reference sample. 
  At alveolar level the vertical asymmetry is close to reference sample one’s; the arches 
rolling is not significant, but the altitude of right and left molars are the same, that means a 





The 3D values analysis described by Faure and Treil are listed in the Table XIV 
represented in the annexes section. 
We find here a little retreat of the right side points versus left points (0.32 mm to 0.47 mm), 
thus means a great retreat versus reference sample anatomy. The differences are significant 
for antero-posterior positions at all levels: 







• Basic reference points (FM, GP) and basic antero-posterior lengths(HM-M) 
• Architectural: M position. 
The facial right depth is lightly stronger than the left one, but significantly lesser than in 
reference sample (HM-IO and HM-SO). 
Sometimes for the facial depth and angular antero-posterior parameters the right side is a little 
stronger than the left, but significantly lesser than in reference sample (HM-IO, HM-SO, 
<SO-IO-M>, <HM-IO-M > or 5 angle) 
  
In terms of absolute judgement the class II cases are less asymmetrical than 
reference cases. Compared with reference sample, the class II sample shows a relative 
asymmetry or pathological asymmetry, characterized by a right side drawn back and 
lifts up versus left side, with a left deviation of the lower face. That means a left face 




6.3.4.2.4. Asymmetric sample 
 
The 3D values analysis described by Faure and Treil are listed in the Table XII, XIII, 
XIV represented in the annexes section.  
The asymmetric sample contains 
6 surgical left asymmetries and 5 surgical right asymmetries, in terms of absolute asymmetry 
4 surgical left asymmetries and 5 surgical right asymmetries, in terms of relative asymmetries. 




The 3D values analysis described by Faure and Treil are listed in the Table XII 
represented in the annexes section. 
The entire medians are not deviated, that means a relative deviation to the right versus 
the reference sample. That is true at all levels: alveolar (arches, incisors groups and molars 
groups), basic (GP, NP, FM), architectural (M). 
Here again the distribution of transversal asymmetry parameters is not at all Gaussian, 










The 3D values analysis described by Faure and Treil are listed in the Table XIII 
represented in the annexes section. 
 
All the right points are almost at the same vertical level than the left ones; even 
sometimes the right side is a little higher than the left one. As the normality needs the right 
side lower than the left one, we find here a shortened right side versus mean anatomy. 
The differences are strongly significant at all levels: 
• Alveolar: vertical position of maxilla right molar a little higher than the left one 
and horizontal arches plans near the normality (reference sample: counter 
clockwise rolling of arches)  
• Basic reference points vertical position (FM, GP)  
• Architectural reference points vertical position (M) and architectural vertical 






The 3D values analysis described by Faure and Treil are listed in the Table XIV 
represented in the annexes section. 
All the right points are almost at the same antero-posterior level than the left ones; 
even in two cases the right side is lightly smaller than the left one(GP-NP, HM-SO). As the 
normality needs the right side longer than the left one, we find here a retreat of the right side 
versus mean anatomy. 
 
The differences are significant at all levels, overall in the upper face: 







• Basic reference points antero-posterior position (FM, GP) and basic antero-
posterior lengths (GP-NP, FM-M). 
• Architectural upper antero-posterior length (HM-IO,HM-SO); the lower 
asymmetry is lightly significant(HM-M not significant and My lightly). 
 
The asymmetric sample is heterogeneous, it contains comparable proportions of 
Class I, class II and class III and comparable proportions of left and right asymmetries:  
its medium diagram is between those of class II and class I specific samples. But median 
values don’t have a great signification! 
The only conclusion we can deduce from the exam of this sample is the strong 
association of class III tendancy and asymmetry. 
 
 
6.3.4.2.5. Tridimensionnal asymmetry: correlation between 
transversal, vertical and antero-posterior asymmetry 
parameters (Table XVI) 
 
The correlation matrix of transversal, vertical and antero-posterior asymmetry 
parameters is very important to understand the development of pathology.  
Blue color indicates a correlation significant at a confidence level of 5%, green at a 
confidence level of 1% and red at a confidence level of 1%o. 
 
Table XVI: Correlation matrix of transversal, vertical and antero-posterior asymmetry, inside 







It allows us to consider the asymmetry as a homogeneous process. We note first the 
strong correlation between basic and architectural parameters: a left deviation of the chin 
(MMx) is tied with a global antero-posterior and vertical excess of the right hemi-face (RHM, 
RM)-(LHM, LM) and (RHM, RFM)-(LHM, LFM). 
 
At alveolar level mandibular left deviation (Gimx, Gmx) is tied with basic transversal 
asymmetry of course, but also with antero-posterior and vertical ones. 
Asymmetry of anteroposterior molar positions is overall correlated with antero-
posterior and vertical basic imbalance. 
The molar rolling (G46z-G36z) is only tied with mandibular rolling (RMz-LMz). 
   Transversal anterior deviations and antero-posterior molar positions asymmetry 
(G46y-G36y) are strongly tied. 
 
Thus asymmetry appears as a global process of excess of one hemi-face versus the 
other one; this process is homogeneous because it affects the three directions: left 
transversal deviation /advancement and lowering of right hemi-face 
 
In clinical daily life we find always complex asymmetries but generally with the 
dominance of one main direction. The diagnosis of dominant direction is very important for 
prognostics and therapeutics; the practitioner identifies the dominant direction and this 
commands his therapeutics. The correlation matrix drives us back to the biological reality, in 




The normality can be presented as a light excess of the right hemi-face, with a left 
deviation of the median facial points and a right side drawn forward and down.  
 
In Class III cases we find the same kind of asymmetries, transversal, vertical and 
antero-posterior but much more important. 
 
In Class II cases there is a great deficiency of right hemi-face with right chin 
deviation and right anterior landmarks drown up and back. The shortening of the right 







































CHAPTER VII: GENERAL DISCUSSION 
 
Nous discutons successivement  deux catégories de résultats : 
1. Les résultats concernant la base du crâne et ses relations avec les dysmorphies 
maxillo-faciales et/ou les malocclusions, basés sur les méthodes de la 
morphométrie géométrique. 
2. Les résultats concernant la définition des différentes dysmorphies, leurs liens, 
leurs limites(limite pathologique et limite chirurgicale), qui s’appuient d’abord 
sur ces mêmes méthodes de morphométrie géométrique,  puis sont précisés par 
l’analyse 3D(Treil, Faure). 
Pour chacune des deux approches employées, la méthode comme l’échantillon sont 
critiqués (reproductibilité de l’identification des repères pour la méthode, et étendue, 
subdivision, caractère pathologique extrême pour  l’échantillon). 
 En ce qui concerne la première partie, la stabilité de la forme basi-crânienne ressort 
d’une manière évidente, tandis qu’au contraire la forme maxillo-faciale varie selon la 
pathologie : les types morphologiques maxillo-faciaux correspondant aux différentes 
pathologies occlusales sont parfaitement identifiés mais la forme basi-crânienne reste stable. 
 Pour la seconde partie la morphométrie géométrique identifie le schéma maxillo-facial 
pathologique type de chaque malocclusion ; elle confirme ainsi : 
• La prédominance des asymétries chez les classes III 
• La prédominance des excès droit (latérognathie mandibulaire gauche) 
• La prédominance des asymétries basses (uniquement mandibulaires le plus 
souvent) 






• Elle permet de préciser les pathologies extrêmes ; par exemple la classe II limite 
chirurgicale correspond à une promaxillie/rétro-mandibulie avec brièveté du ramus et 
rotation postérieure, face courte sur le plan linéaire, endoalvéolie  
• Elle précise les relations existant entre les différentes directions : c’est ainsi que la 
morphologie maxillo-faciale semble varier entre deux schémas extrêmes : 
Classe II hyperdivergente et face courte -  classe III hypodivergente et face longue. 
• Elle précise les relations de l’asymétrie avec les autres pathologies : 
C’est ainsi que l’on peut envisager une typologie moyenne  avec chez l’individu normal de 
classe I, un petit excès droite, qui s’accentue dans les classes III et s’annule pratiquement 
dans les classes II.  
Par ailleurs l’intérêt de l’analyse 3D surtout pour le diagnostic complet des cas complexes, 




















Chapter VII: General Discussion 
 
We will discuss our results separating: 
• The results issuing from morphometric geometry methods and concerning the 
cranial base shape and its connections with maxillo-facial disharmonies and 
malocclusions. 
• The results coming from morphometric geometry methods and from biometry 
based mainly on an orthogonal tridimensional landmark tied with the upper face, 
concerning only the maxillo-facial area. 
 
The target of these two works is common: understanding facial disharmonies, their 
origin, their development, their connections (upper: basicranial or lower: occlusal), their 
location. 
In each part of the (upper: basicranial or lower: occlusal) discussion we will debate  
• first about research methodology 































































7.1 Discussion about Cranial baseconfiguration and its connections  
  7.1.1. Discussion about research methodology 
 7.1.1.1. Methods used to explore the relation of basicranial flexion 
and types of maxillo-facial disharmonies and our proposal 
 
In this section we will address the results of morphological co variation between the 
cranial base configuration and maxillo-facial disharmonies regarding the technique previously 
used in the literature.  To fully appreciate the significance of the findings of the present study, 
we must first set out or reiterate the major limitations of the previous study. The previous 
investigation focuses on the two-dimensional changes of the cranial base. In reality, however, 
the architecture of the cranial base is three-dimensional, and the basicranial anatomies 
flanking the cranial base are possibly unaccounted. Hence, our work incorporates the true 
three-dimensionality of the morphology.  
It is readily appreciated that studies conducted in the literature remain 
incomplete, they missed, from one hand a complete analysis based on all categories of 
maxillo-facial disharmonies, and in the other hand a rigorous analysis in the third 
dimension that may offer new data. In that way of investigation the result will clearly offer 
a new approach and details regarding the null hypothesis described above and clearly clarify 
the contradiction cited in the literature.  
 
Indeed, from a clinical point of view and surgical treatment application, in the 
surgical correction of skeletal Class III malocclusions for example, normalization of 
cranial base length may be an important factor in attaining a pleasing aesthetic 
postoperative appearance (Hamway and Pamgrazio-Kulbersh, 1995) that if the cranial 
base is considered as an aetiology of jaw relationship, but unfortunately in the surgical 
procedure the surgery doesn’t concern the basicranial region.  
 
Description of basicranial configuration shape change from cephalograms by 
measuring an angle is a difficult notion as conventional cephalometry is fundamentally 
deficient in its application to systematic shape change (Bookstein, 1983). In an attempt to 






We used morphometric geometry because traditional cephalometric analyses in 
orthodontics often depend on specific kinds of orientation of the specimens on reference 
planes such as the anterior cranial fossa (Sella-Nasion), the FH-plan or the PM-plan (posterior 
maxillary plan). The interpretations of such findings vary according to the reference 
orientation. Further, the analysis of linear measurements mostly reflects variation of size 
rather than shape, which in the case of basicranial configuration and possible knock-on effect 
on facial shape is particularly relevant.  
Finally, the interpretations of the findings of multi-variate analysis are often difficult 
to interpret by numeric listings and abstract schematic drawings and the spatial relationships 
among the structures are difficult to obtain. Recent improvement in geometric morphometric 
offers the possibility not only to analyze these problems in a quantitative and multi-variate 
way but also to visualize the results and potentially interesting additional aspects of 
morphology not captured by cephalometrics. While the angular and linear measurements of 
classical cephalometrics are still contained in landmark data, geometric morphometric 
additionally exploit quantitatively the spatial information of the morphological structures 
recorded by landmarks. 
There is clear evidence from this study to confirm the view that cranial base 
flexion is not related to maxillo-facial disharmonies. A comparison of the basicranial 
flexion between the different types of malocclusion has not previously been investigated with 
the use of in a first part all types of maxillo-facial disharmonies and second part a three 
dimensional study by the use of CT scans.  
 
Despite common assumptions listed in the literature, that basicranial configuration 
contributes to normal and pathologic maxillo-facial disharmonies variation, evidence has been 
accumulated that casts some doubts on such relationships. Instead, recent findings apparently 
corroborate these suggestions that pointed towards the relevance of a cause effect relation is 
seen. This study tested the null hypothesis that no difference exists in the level of 
morphological integration between the cranial base stable configurations on the one hand, and 
different types of malocclusion on the other. The results suggest that the null hypothesis was 
accepted, confirmed by Goodall test for a p near a value of 1 and Wilks Lambda value equal 1 







Many studies have identified relationships between the basicranial angle and the 
morphology of the face. Most of these studies found that smaller basicranial angles tend to 
covary with brachyfacial morphologies and in-built tendencies towards Class III skeletal 
relationships. However, other studies have not identified significant relations between these 
structures. The findings of the present study are in line with the latter ones. The stability in 
basicranial landmarks reflects stability in basicranial configuration and this may lead to the 
non contribution of basicranial configuration in skeletal jaw relationships. 
 
However, from the TPG grids it can be seen that landmarks are accompanied by 
stability in spatial configuration of basicranial shape, and show an angular 
measurements varying around 120° as described in table 8. This may well be a reason for 
non-significant correlation with facial shape depending also on sample size and composition 
case selection procedure. 
 
The present findings may suggest that the real, effective ‘‘interface’’ between the 
maxillo-facial disharmonies and the face might not be the cranial base. The angle of the 
cranial base is established early in ontogeny, but the face is developing much longer. 
This may be an ontogenetic reason for low correlations between facial patterns and 
basicranial configuration. Instead, the lateral basicranium matures until later in 
puberty and thus shares a longer ontogenetic trajectory in common with the face.  
 
 
7.1.1.2. Sample  
 
The sample consisted of 374 subjects who undertake CT scans selected 
retrospectively on the basis of the Angles’ Classification occlusion. The Class I sample 
showed good agreement with published cephalometric norms for both dental and skeletal base 
relationships. The sub-sample of Class I normal occlusion, therefore, represents a valid 
reference group for the purposes of this study.  Interestingly the 2D analyses of our maxillo-
facial groups agree very closely with those recently published by Hamdan and Rock (2001) 








The dental angular variations were as it would be expected in order to compensate for 
the underlying skeletal discrepancies in the respective classes of maxillo-facial disharmonies. 
For example, when compared with Class I values the lower incisors were retroclined in class 
III subjects.  
 
Data for all the malocclusion groups showed the expected variations in terms of 
dento-alveolar and skeletal base patterns with the skeletal pattern for each group 
matching the molar and incisor relationship. 
 
Wide fluctuations in the magnitude of the cranial base angle have been remarked upon 
by a number of authors. Differences between these results and those of other workers may be 
related, in part, to differences in case selection procedures. The cases for this study were 
selected on the basis of the Angles Classification and confirmed by the value of the 2D and 
3D analysis described in the previous section, on a more definite malocclusion class II 
division 1 cases with overjet >8 mm and class III subjects with maxillary incisors in lingual 
occlusion. It may well be that cranial base morphology has no role in establishing 
malocclusions even at the extremes of the scale. The previous study used only one pathologic 
malocclusion, as for the study of  Wilhelm et al., (2001) who used a sample of 43 subjects 
divided into 22 Class I and 22 Class II and tried to identify the comparison of cranial base 
growth in Class I and Class II skeletal patterns while Dhopatkar et al., (2002) conducted a 
cephalometric study on 200 subjects of the three types of malocclusion Class I, Class II 
division 1, Class II division 2 and Class III malocclusion, the author tried to explore further 
the role of the cranial base angle in the various groups of malocclusion. 
This research has the advantage of the technique used of the samples used and of 
the addition of the asymmetric group at the study. 
All the studies conducted in the literature were based only on one type of 
malocclusion, for example the study of basicranial flexion most likely on Class III sample 
regarding the reference group Class I normal occlusion. Our study uses sub-samples of all 
types of malocclusion and compares them with the reference sample of normal occlusion 
by a three D method and based on CT’s scans data. 
Our sub-samples were constituted of 62 subjects for each category of malocclusion 






compared with the literature; our findings reveal a new base for the study of the aetiology of 
malocclusion.  
Our sample choice was optimal because it is very large compared with the 
samples used in the literature and it contains extreme pathologies cases perfectly 
appropriated to the study. 
 
7.1.1.3 Landmarks and Angles 
 
The most common conventional images used for the analysis of basicranial flexion are 
lateral   cephalometric. Using conventional cephalometry, various investigators have reported 
a significant relation between malocclusion and cranial base flexion (Sanborn, 1955; Hopkin 
and al., 1968; Kerr and Adams, 1988), where other data reported in the literature have proved 
(Anderson and Popovich, 1983; Williams and Anderson, 1986) that cranial base configuration 
may not play a role in the aetiology of maxillo-facial disharmonies.  
Other authors point out the basicranial lengths. 
Using conventional cephalometry, various investigators have reported that anterior 
cranial base length is shorter in Class III subjects compared to their Class I counterparts 
(Hopkin et al., 1968; Kerr and Adams, 1988).  
It may be difficult to reach any conclusion regarding the measurement of the 
saddle angle using lateral cephalometric radiography. A simplified 3D CT scans has 
been generated and coordinates corresponding to anatomical landmarks can be identify 
and more reliable than the actual definition of the saddle angle. As a solution to these 
imaging problems, 3D-CT analysis was indispensable in this type of study. Unlike 
cephalometric and panoramic radiographs, with 3D-CT images there are no problems with 
structure superimposition and the absolute position of anatomical landmarks could be defined.  
The accuracy and reproducibility of 3D-CT has been confirmed. In earlier studies in which 
conventional nonspiral/helical whole body CT scanners were used, Matteson and al., (1989) 
measured the skull using 3D-CT and reported favorable results. Nowadays, CT scanners have 






Our results show a more stable basicranial shape in the five groups of the study. This 
is surely due to the choice of landmarks. The angles measuring the basicranial flexion in 
conventional 2D method are tied to an osseous detail (crest, curve, fossa…) or to sutural 
detail. These anatomic areas are dependant on late growth and appositional phenomena. 
 
  Our landmarks are related with trigeminal design and the neurological drawing 
is supposed to give the primitive frame work of posterior mesenchymatic development, 
according to Moss theory. The stability of cranial base shape in our analysis gives a 
backing to neuron-matriciel theory.  
 
7.1.2 Discussion of the results  
 
7.1.2.1. Cranial base flexion and growth 
 
Numerous studies in the field of physical anthropology have been conducted to trace 
the development of cranial shape in humans, specifically changes in shape of the cranial vault 
and the angulation of the cranial base (Lieberman & McCarthy, 1999; Ponce de León & 
Zollikofer, 2001; Williams and al. 2001; Vioarsdottir and al., 2002; Zollikofer and Ponce de 
León, 2004; Cobb and O’Higgins, 2004). The majority of studies have focused on postnatal 
ontogenetic patterns. 
 
In this section we will discuss the study reported in the literature on the 
basicranial growth. The mean age of our five samples used to elaborate this study, 
doesn’t present a variable age growth influencing the results. The mean age is prior to 
13 years and the cranial base ceases its growth at that period of age.   
 
Scott (1958) reported that 90% of the cranial base is completed by age 13 years. 
Krogman (1974), however, stated that the cranial base has almost ceased growing by age 7 
years. From a growth perspective, the angle of the midline cranial base is established early in 
ontogeny, but the face is developing much longer. This may be an ontogenetic reason for low 
correlations between facial patterns and basicranial angulations. Ohtsuki et al. (2002) reported 







Lewis and Roche (1972) reported that, in general, the cranial base angle in Class I 
individuals becomes more acute during infancy and then changes more slowly until a few 
years past puberty. They attribute this change to differential remodeling of the cranial base 
rather than to flexion at sella would lead to a decrease in the cranial base angle.  
 
Scott (1967) suggested that a number of factors determines or influences static jaw 
position and, consequently, the degree of prognathism in individual cases. These factors 
included the cranial base angle, the extent to which the mandible and maxilla moved forward 
in relation to the cranium and the amount of surface bone deposition along the facial profile 
from nasion to menton. Melsen (1982) has shown that this relative stability results from a 
dynamic process whereby flexion at the SOS is counteracted by resorption of bone at the 
endocranial and deposition on the pharyngeal surface. 
Melsen and Melsen (1982) reports that growth at the spheno-ethmoidal and spheno-
frontal sutures ceases at seven years of age, but that continued growth of the anterior cranial 
base still is necessary. While some early studies suggest that increase in thickness in the 
region of nasion is accounted for by enlargement of the frontal air sinus (Björk, 1955; Scott, 
1958), the elongation of the anterior cranial base is also augmented by spatial increases at the 
fronto-nasomaxillary suture, particularly up to age nine years. It is also likely that growth 
processes at fronto-nasomaxillary suture affect the position of the maxilla. Björk and Skieller 
(1972) noted variability in the direction of maxillary growth, while Melsen and Melsen (1982) 
reported significant activity in the pterygomaxillary suture. They found that anisometric 
changes were evident only for the pterygoid plates of the sphenoidal complex at age 11 years. 
Therefore, it appears that the Class III cranial base emerges from a combination of spatial 
diminution at the fronton-nasomaxillary region allied with uniformity of the pterygo-
maxillary complex. Taken together, these findings could be responsible for the characteristic 
maxillary position and alignment observed in Class III malocclusion. It has been reported that 
postnatal changes in shape of the craniofacial skeleton include an increased cranial base angle 
(Moss & Greenberg, 1955; Melsen and Melsen, 1982), although this may be insignificant in 
the first postnatal year (Knott, 1971; Riolo et al., 1974). For Class III malocclusion, 
cephalometric studies suggest that the decreased angulation between the anterior and posterior 
cranial bases (i.e. alteration of saddle angle) displaces the temporo-mandibular joint forwards, 






McNamara, 1984). The biological basis for the anterior displacement of the mandible lies 
within the posterior cranial base, presumably coinciding with early cessation of growth 
activities within the petro-sphenooccipital complex. That premature synostosis is responsible 
for deficient orthocephalisation i.e. insufficient horizontalization of the cranial base angle, in 
Class III malocclusion remains a distinct possibility, and it is likely that the consequent 
shortening of the posterior cranial base (Björk, 1955; Hoyte, 1991) may be a primary factor in 
the aetiology of Class III malocclusion based on these analyses. 
 
On the basis of these findings, it can be postulated that the relationship between 
sagittal jaw position and cranial base flexure is established before age 5 years and that the 
skeletal pattern remains constant during the longitudinal follow-up, with only a limited 
influence on the further development of sagittal jaw discrepancies between 5 and 12 years. 
The relationship between skeletal pattern and malocclusion is debatable because although 
malocclusion appears to be acquired, craniofacial form seems to be under fundamental genetic 
control. Factors like mastication, breathing, posture, or habits can affect craniofacial form in 
the etiology of Class II malocclusion or other malocclusion.  
 
The maxillo-facial disharmony doesn’t lie in the cranial base configuration. These 
interpretations need more testing, particularly on ontogenetic and clinical data. Also the 
consideration of 3D data should contribute further knowledge. For the moment, we 
don’t aim a three dimensional data to study the longitudinal growth of the basicranial 
configuration. In the future more research would take account of this influence and 
would study the growth from a longitudinal series of CT scans. 
 
 
7.1.2.2. Cranial base configuration and malocclusion 
 
The result of this research produce conflicting data to those published in the literature 
because no statistically significant relationships have been identified between basicranial 
configuration and maxilla- facial disharmonies. Those results were verified by the use of a 







Smaller basicranial angles are hypothesized to contribute to brachycephalic, facial and 
built-in tendencies towards Class III malocclusions, or mandibular protrusion while larger 
basicranial angles tends to be associated with dolichocephalic, facial and built-in Class II 
malocclusion, or maxillary protrusion.  
 
Instead, some recent investigations suggest that a further factor, namely the sagittal 
configuration of the bilateral basicranium might be of particular relevance for the contribution 
to normal or possibly even pathologic facial variation. These studies have analyzed 
basicranial and mandibular co variation and have suggested that because of spatial relations 
variation of the middle cranial fossae, rather than the midline cranial base may be relevant for 
the morphological development of the mandible. Geometric morphometrics allow a more 
detailed analysis of these problems. Multivariate statistical analysis of 3D landmark 
coordinates and the shape variables derived there from, provide both quantitative as well as 
qualitative (visual) information. This is relevant to make further progress in the above 
outlined questions as these problems rest crucially on the assessment of geometric — that is, 
spatial — configurations of involved structures and their morphological and configurational 
variation. 
 
It is generally thought that the cause of malocclusion is multi-factorial, involving 
congenital and postnatal factors. The cause of malocclusion in humans has been 
extensively studied, but the cause is still not clear. When congenital and environmental 
factors are added the maxillo-facial disharmonies occurs.  
  
Angle, in his classification of malocclusions, assumed that the position of the first 
permanent molars is constant relative to the jaws, and, furthermore, that the manner of 
occlusal locking of these teeth is linked to the relative sagittal position of the maxilla and the 
mandible. Since then, the theory that various malocclusions are associated with distinctive 
craniofacial patterns has been studied extensively, with special emphasis on the craniofacial 
characteristics in growing subjects with different types of malocclusions. The abundance of 
literature on Class II craniofacial features is a consequence of the fact that many patients with 
this malocclusion are treated routinely with orthodontics. The issue of growth in Class II 
subjects has become more relevant because of the increasing interest in optimizing treatment 







In terms of the cranial base angle, it is notable that statistically significant differences 
were not shown between the Class I and different types of malocclusion who were observed 
in this study. This finding therefore does not support a basic tenet in Jarabak’s cephalometric 
analysis, which uses the value of the cranial base angle in conjunction with other 
measurements to determine whether there is a retrognathic or prognathic skeletal pattern. 
But we note contradictory results: 
• Jaw relationship is predicted at 5 years depending on basi-cranial angle (Kerr and 
Hirst). 
• Class II malocclusion is associated with wide basicranial angle (Anderson and 
Popovitch 1983). 
• Class II versus class III subjects: there are different basicranial angles (Varrela 1998; 
Wilhem and al., 2001). 
• Angular flexion of cranial base is a determinant factor of prognathism (Björk 1955). 
• Significant correlation SNA/basicranial angle (Järven). 
• Association wide NSAr angle/large distance SAr/class II malocclusion (Bacon 1992). 
• Maxillary growth is dependent on cranial base growth (Enlow 1990). 
 
The present results, using a 3D method, do not support the concept that the cranial 
base angle is a major determinant in establishing the main classes of malocclusion. 
Therefore, it is not possible to corroborate the assertion of Dibbets that the three Angle 
classes II, I, and III represent arbitrary markers on a morphological continuum. 
 
From the superimposition of the mean shape of the five cranial base configurations, the 
transformation grid doesn’t show any transformation at any of the landmarks. The overall 
pattern of basicranial configuration is very similar in the five groups of the study. 
Severe class II and class III cases have been part of this study, and we couldn’t 
identify even  any correlations, at least, as far as basicranial configurations doesn’t 
contribute to these  kinds of skeletal malocclusions. However, it is also important to note 
that, in theory, variations in maxillary and mandibular growth alone may also lead to skeletal 
class II and III malocclusions, that could weaken the integrative relations reported here. These 






In our results, the cranial base was not different between the Asymmetry and 
Normal Class I group. The skull base characteristics were not found to be associated with 
the mandibular asymmetry. This means the cranial base structures were not the dominant 
factors that explained the degree of facial asymmetry in our patients. Our results are 
reconfirmed by the use of Euclidean Distance matrix analysis where inter-points distances 
were tested statistically and confirmed the result of Procruste superimposition.  
 
Therefore, our results can be explained as follows: functional factors or the intrinsic 
asymmetric growth potential of the mandible compensate or aggravate the influence of 
cranial asymmetry during the growth period. Our results join known studies. In 
summary, our results show that cranial base is not the factor that determines the degree 
of facial asymmetry. This may be attributed to the compensational growth of 
























GENERAL DISCUSSION OF THE ASYMMETRY 



























7.2. Discussion Assessment of the Asymmetry and other pathologies   
 
The purposes of this study were to characterize the symmetrical features of patients 
with facial deformities in comparison with normal subjects. The results of the present study 
offer new understanding of facial asymmetries and prevalence in the maxillo-facial 
disharmonies, and understanding of other maxilla-facial disharmonies.  
 
There were three main aims of this investigation: (i) to explore the properties of 
asymmetry in the human face regarding the pathological malocclusion (ii) to define a 
new reference plan showing a good stability to study the asymmetry and other 
pathologies .(iii) to explore the maxillo-facial pathologies and their interconnections.  
 
 The beginning of this section will discuss the result concerning 
asymmetry(level of pathology, direction) and its relations with other 
pathologies 
 The present study revealed mainly the following 3 major findings: 
• Facial asymmetry was seen frequently with a high prevalence in certain 
malocclusion.  
• The mandible showed more asymmetry than the maxilla.  
• Left-sided facial laterality occurred more often than the right-sided deviation. 
As a consequence we will propose a new reference plan for asymmetry analysis, 
diagnosis and classification. 
 
 In the end of this part we will debate mainly of 
• Choice of determinant parameters for antero-posterior dominant disharmony 
• Surgical limits 
• Relation between antero-posterior disharmony and other pathologies (vertical, 










7.2.1 Assessment of the Asymmetry and other pathologies: discussion about 
methods 
 
7.2.1.1 The Samples 
 
The sample consisted of 126 subjects of asymmetric subjects and 62 patients with 
Class I occlusion or the reference sample, those subjects undertake CT scans selected 
retrospectively on the basis of the Angles Classification occlusion for the class I group and 
shift deviation of the incisor midline for the asymmetric group. The class I sample showed 
good agreement with published cephalometric norms for both dental and skeletal base 
relationships. The sub-sample of Class I normal occlusion, therefore, represent a valid 
reference group for the purposes of this study.  
 
Data for the asymmetric group were analyzed and values in terms of dento-alveolar 
and skeletal base patterns were listed before. The 3D reconstruction gave the inclusion criteria 
in the asymmetrical sample, no doubt on any of the cases was recognized, the midline 
deviation measured between the maxilla and the the mandible was the criterion selected. 
 
7.2.1.2 Advantage of three dimensional technique  
 
Previously, the morphological characteristics of an asymmetric face had been analyzed 
by two-dimensional (2D) radiographs. In the 3D study, measurements (distance, angle) give 
real 3D dimensions without any radiographic magnification, thus a direct comparison of 
paired elements and measurement of midline structures deviation are possible. However, 
there is an inherent problem in establishing the standard reference axes for the 
evaluation of craniofacial asymmetry because there are difficulties in finding anatomical 
landmarks that are not affected by deformity. At present, the external acoustic meatus has 
been proposed as a suitable reference for the analysis of craniofacial asymmetry because this 
area is thought to maintain a stable shape. Therefore, most 3D studies on craniofacial 
deformity usually use the FH plane as a reference.  
 
Three-dimensional (3D) CT plays a fundamental role in modern surgical treatment 






The link between 2D diagnosis and 3D planning could be provided by the development of 3D 
CT cephalometric analyses.  
 
There are two major issues in diagnosis of facial asymmetry. First, the 
asymmetry commonly involves 3 dimensions. Second, the asymmetry using the 
conventional 2D methods is difficult and imprecise. 
 
Facial asymmetry is concomitantly observed in 21 to 67% of patients who complain of 
protraction or retraction of the jaws. There are limitations or shortcomings of this usual 2D 
method for evaluating asymmetry. First, the symmetrical statuses of the landmarks, 
rather than the contour or the outline, are examined. Second, there are problems in selecting 
and identifying landmarks. Only the landmarks that are identifiable with good 
reproducibility can be used. This criterion obviates the use of many sites as landmarks on the 
facial bones, in particular for the maxilla and zygoma because of their more gentle curvatures. 
Even the commonly used landmarks have been shown to be subject to localization errors. 
Perttiniemi (1994) studied the errors in landmark identification in PA radiograph. He found 
that the width measurements are of great variance and therefore not reliable for diagnosing a 
facial asymmetry. Third, the traditional method is a 2D analysis. It has been shown that 
rotation of head can produce great projection errors on the PA cephalometric 
radiographs. Great errors can also happen in projecting a 3D asymmetry into a 2D analysis 
model. Unfortunately, many facial asymmetries have a third dimension (x-axis) 
dominant component. As a result, use of this scheme for assessing such condition has 
never been satisfactory.  
Since asymmetry of the face occurs in all three dimensions, a valid three-
dimensional analysis is required.  
 
However, the reliability of frontal cephalometric measurement for facial asymmetry 
evaluation is limited because some landmarks are difficult to identify due to overlap. There is 
no available anatomical natural landmark but only possible build points. Moreover, head 
positioning, which is usually determined based on the external auditory meatus, may modify 
the symmetry factors of other landmarks. It should be noted that the P-A cephalograms were 
exposed while the patient was in habitual maximum intercuspation. If the films had been 
exposed while the patient was in first dental contact, centric relation would have eliminated 







The accuracy of 3D-CT measurements is sufficiently high, there is no well-established 
3D evaluation procedure for facial asymmetry in terms of value reference and measuring. We 
have therefore developed using geometric morphometric techniques procedure from one 
hand and the use of accurate 3D analysis in term of quantitative measurement of 
asymmetries by the use of 3D software C2000 and Cépha3DT on the other hand a new 
approach and method to quantify the asymmetry and to describe the asymmetry 
prevalence in maxillo-facial disharmonies.  
 
Using 3DCT imaging, the clinician can observe any of the craniofacial bones from 
various viewing angles with rapid and interactive repositioning of the 3D images. Although 
this feature is an advantage of 3D-CT imaging, 3D image-based measurements are not yet 
widely used in orthognathic surgery or for orthodontic treatment.  
 
CT allows viewing of the soft tissue and skeletal structures in three dimensions. Its 
accuracy is sufficiently high for the linear measurement with CT-based 3D images. 
Cavalcanti et al, (1999) investigated the accuracy by comparing the linear measurement 
results on volume rendering 3D-CT images with those of physical measurements performed 
on cadavers. They concluded that the difference between two measurements was minimal and 
that the accuracy of the 3D image was high. In recent years, this has been improved upon with 
the Cone bean CT.  
 
The definition of the reference plane or line also has a significant effect on symmetry 
evaluation. One advantage of 3D-CT imaging is that various newer or different images and 
models can be created with the repeated use of stored complete CT image slice data sets. Thus 
it is possible to establish an integrated 3D-CT image-based diagnosis and evaluation system 
for maxillofacial deformities by combining the above techniques. The present 3D coordinate 
point evaluation system for facial symmetry will play an important part in this integrated 
system. In the near future a potential exists for the powerful diagnostic capabilities of 3D-CT 
images to replace conventional radiographic examinations. 
We used Procrustes geometric morphometry, based on the analysis of landmark 
coordinates to investigate patterns of morphological covariation illustrated in figure 6. As 






groups regarding the asymmetry. This indicates a continuous spectrum of craniofacial patterns 
that could be described by the presence of the asymmetry in high prevalence in Class III 
malocclusion and little presence regarding the Class II malocclusion. Such a continuous 
variation is consistent with earlier observations when analyzing our three D data. 
Our results gave more precise information and data regarding diagnosis of 
asymmetry. The angles defined and measured as cited in the result part constitute for us 
a new reference for establishing diagnosis and are therefore recognized to be an efficient 
tool in creating a surgical three dimensional set up. Our three dimensional analysis 
offers qualitative information but also the unique quantitative analysis cited in the 
literature for the diagnosis of the facial and skeletal asymmetries.  
 
 
7.2.2. Assessment of the asymmetry and other pathologies: discussion of 
result of morphometric geometry methods 
7.2.2.1. Facial asymmetry was seen frequently with a high prevalence 
in the maxillo-facial deformities. 
 
Traditionally, the appearance of facial asymmetry in patients with maxillo-facial 
deformities has been investigated using frontal images. In the studies conducted in the 
literature, the incidences of facial asymmetry were from 21 to 67 % in patients with facial 
deformities. This wide variation is probably due from one hand to the differences in the 
diagnostic criteria of maxillofacial deformity and facial asymmetry and in other hand to the 
methodology used based on potsero-anterior cephalographs. Severt and Profit (1997) 
reviewed the clinical records of 1,460 maxillofacial deformity patients in North Carolina and 
reported that 34% had facial asymmetry. In the Japanese population, Tani et al., (1989) 
reviewed PA cephalometric images of 239 patients with maxillofacial deformities, and 
reported that 28% were concomitant with facial asymmetry. Fukushima et al (2003) also 
evaluated Japanese maxillofacial deformity patients and found that the incidence was 67%.  
In the present study where all patients underwent a 3D CT scans, the rate of 






cases where the asymmetry was highly observed due to the trauma, the rate of the present 
study might not be too high in comparison with Severt and Profit finding.  
In our sample, the Class III malocclusion subjects present a higher prevalence of 
facial asymmetry reported at 39% which is in agreement with Severt and Proffit (1997) 
results as well. Haraguchi et al. (2002) investigated 220 subjects with Class III malocclusion 
and emphasize the high prevalence of facial asymmetry determined on the basis of the 
landmark deviation from the center line. Approximately 80% of the subjects showed over 2 
mm deviation in the Menton, while the subjective evaluation revealed that a half had facial 
asymmetry, in our study the deviation of the lower incisor is estimated at 4 mm. Our 
results conclude one important finding; humans are sensitive to about 4 mm in their 
visual judgment of clinically significant asymmetry. A previous study reported facial 
asymmetry in a Japanese sample as 25%, without any details regarding the skeletal types, the 
method of judgment, or the decision criteria for facial asymmetry.  In the present sample 
several cases showed skeletal asymmetry of the face. 
 
7.2.2.2. The mandible showed the most important asymmetry 
 
Evaluation of facial asymmetry is usually classified according to asymmetrical 
regions. Based on the cephalometric measurements, 89% of the asymmetry was solely 
observed in the mandible, and the maxilla and mandible were involved in the remaining 
11% of the cases. Our result offer more precision to the diagnosis of asymmetry due to 
the use of new technique of analyzing and interpreting in 3D dimension the mandible 
alone and maxilla also. In our study, there were no patients who showed asymmetry solely in 
the maxilla this is due to our advanced method of evaluation in 3D. The 3D-CT might have 
higher sensitivity than PA cephalometric imaging for diagnosing maxillary asymmetry. On 
PA cephalograms, the asymmetry of the antero-posterior and vertical direction could not be 
evaluated. Patterns of facial asymmetry are usually categorized according to asymmetrical 
regions. Based on the cephalometric measurements, 90% of the asymmetry was solely 
observed in the mandible, and the maxilla and mandible were involved in the remaining 10% 
of the cases. Another report described similar results with 64% in the mandible and 36% in 
the maxilla and mandible. Also, for the mandible, the asymmetry could not be assessed in the 
posteroanterior dimension on PA cepahlograms. Although the asymmetry of the ramus is 






was no data available including that for the antero-posterior asymmetry assessment. On 3D-
CT, we therefore tried to assess the mandible in two different regions for more detailed 
analysis, and consequently the asymmetry was also verified in the ramus. However, it was 
more frequently observed in the mandibular body region than in the ramus region. All patients 
with ramus asymmetry had accompanying body asymmetry. The evaluation of the ramus may 
influence the choice of treatment.   
According to our results, there were no patients with asymmetry solely in the 
ramus, and no patients had maxillary region asymmetry solely but when the maxilla is 
affected it is related with the mandibular region as well. Although the reasons for and 
clinical significance of these results are still unclear, the asymmetry might be more 
advanced in patients with ramus asymmetry. 
This 3D-CT analysis for facial asymmetry has the potential to replace the conventional 
method of classification using cephalograms because it permits more detailed evaluation. 
However, we should pay attention to the increased radiation exposure to patients which may 
occur as a result of such examinations. The dose reduction should be performed with 
preservation of sufficient image quality and may be accomplished through the use of a 
recently-available cone-beam CT 
Facial laterality was seen more frequently in the inferiorly placed landmarks of both 
groups, the deviation occur in the foramen menton left and right landmarks. Severt and Profit, 
(1997) in their patient database survey (n 5 1193, Caucasian 75%, Afro-American 21%, 
native American 4%), found asymmetry of the middle face in 8% of the sample studied and of 
the lower face in one-fourth of the total sample. In a 1997 report, his group documented 
frequencies of laterality of 5%, 31% and 74% in the upper, middle, and lower thirds of the 
face, respectively.  
 
The present study determined a general tendency of the inferior landmarks to 
deviate more frequently and at greater distances than the more superiorly located 
landmarks because: (1) the mandible grows longer than the maxilla and thus is likely to 
show more deviation given that the amount of jaw growth per unit period is consistent 
for both jaws, and (2) the mandible is a mobile apparatus whereas the maxilla is 






Because the growth of the mandible is largely seen at the condylar regions, the mandible 
is likely to show gradual deviation during growth period, as if it swings with a condylar 
head on the affected side as its center of rotation. 
 
 
7.2.2.3. Left-sided facial laterality had more chances to occur than 
right-sided deviation 
 
Previous reports have suggested that facial asymmetry is likely to exhibit laterality.  
The present study examined facial laterality from two perspectives: (1) which area of 
the face is most affected and (2) to which side does the chin tend to deviate. The results 
indicated that the mandible showed the most important site of the asymmetry, 
concomitantly, that 79.3% of subjects with chin deviation showed left-sided laterality. 
Our result joins Haraguchi et al., (2002) results. Most previous studies examining differences 
in hemiface size have used relatively small samples of 100 or fewer and specially a 2D 
technique of diagnosing the asymmetry. The strongest point offered by Haragushi research is 
the importance of his sample consisted about 1800 subjects. Our results joined Haragushi 
conclusion and found a consistent tendency for dominance of the right hemiface. Mobility of 
facial expression also exhibits facedness. Most studies suggest that the left side of the face 
is more expressive of emotions. Such a functional asymmetry in facial expression may 
have some relationship to the dimensional balance between the left and the right 
hemiface. 
Most studies Shah et al. (1978) and Ferario et al. (1993) of normal asymmetry have 
reported that the right hemiface is usually wider than the left. However, Peck et al. (1993) and 
Ferrario et al. (1995) have documented no significant difference between right and left 
hemiface size or have found the left hemiface to be wider Vig et al., (1975) and Chebib et al., 
(1981). Causes of such facial laterality remain unknown. Similarly, a few studies have 
reported on the laterality of chin deviation, a subject that also remains controversial. Severt 
and Profit (1997) in their cephalometric study documented left sided deviation of the menton 
from the midline in 60% to 80% of patients with skeletal Class III malocclusion who 






with skeletal Class III malocclusion and long faces. Previous reports described above have 
suggested that facial asymmetry is likely to exhibit laterality. The present study examined 
facial laterality from two perspectives: (1) which prevalence of malocclusion the asymmetry 
is seen (2) to which side does the chin tend to deviate.  
 
The results indicated that the subject presenting a Class III malocclusion 
presented left side laterality. We found a consistent tendency for dominance of the right 
hemiface. Mobility of facial expression also exhibits facedness. This result can suggest 
that the left side of the face is more expressive of emotions as described by Sackeim et al., 
(1978) and Indersmitten and al., (2003).  Such a functional asymmetry in facial expression 
may have some relationship to the dimensional balance between the left and the right 
hemiface. 
In terms of skeletal pattern, deviation at the chin level was more frequently seen in 
subjects with the skeletal Class III malocclusion than in those with skeletal Class II 
malocclusion. Specifically, the proportions of the no-deviation, right-sided, and left-sided 
groups in the skeletal Class II subjects were consistent.  
In the skeletal Class I group, however, the proportion of subjects reveals a very low 
left-sided laterality and always less then 2 mm.  
In contrast, skeletal Class III patients generally exhibit greater growth and also may be 
more likely to be affected by environmental influences because of the relatively longer jaw 
growth period. The environmental influences were the most likely cause. Habitual chewing on 
one side has been reported to lead to increased skeletal development on the ipsilateral side, 
and the possibility that laterality is simply a response of functional adaptation to asymmetrical 
masticator activity. On the other hand, more investigation on facial asymmetry have 
emphasized the innate functional and structural differences between the cerebral hemispheres, 
suggesting that it would not be surprising if the normal asymmetry of the human face 
primarily originated from brain and skull base asymmetry.  
 
According to our result, lateral asymmetry toward the left side of the face is 






proportion of subjects with jaw deviation at the chin level remains unchanged during the 
pubertal growth period because those with skeletal Class II jaw relationship are likely to show 
relatively less growth of the mandible, even during the pubertal growth period.  
 
Another important finding was the dominance of facial laterality toward the left side in 
the group of Class III malocclusion and the asymmetric group. It is then reasonable to 
accept the statement: Human faces have a tendency towards left-sided laterality. The 
more frequent left-sided laterality of the skeletal face may be ascribed to the dominant 
growth potential of the jaw’s right side. Previous studies have documented the dominance 
of the right side hemiface in subjects with no pathologic problems.  
 
 
7.2.2.4. Definition of a reference three D plan for asymmetry 
diagnosis and classification.  
 
The laterality of the human face has been investigated using methods involving frontal 
facial photographs, posteroanterior cephalograms, and stereophotogrammetry. The key to 
evaluate facial asymmetry with any of these methods is determining the facial midline. 
Because there is no absolute facial midline, we employed bilateral landmarks based on the 
definition of the facial architecture used by Faure and Treil 3D analysis.  
The reliability of the quantitative analysis of symmetry using coronal cephalometric 
radiographs is limited. First, in the coronal cephalometric view, it is difficult to identify 
anatomical landmarks on the posterior part of the skull, such as the sella and basion points, 
because these are overlaid or obscured by the more anterior anatomical structures. This means 
the 3D midsagittal reference plane, based on the anatomy of the cranial base, could not be 
used as the evaluation basis for absolute facial asymmetry. Second, as head positioning for 
cephalometry is based on the external auditory meatus, asymmetric external auditory meati 
may modify the symmetry factor of other anatomical structures. For these reasons, it may be 







To establish the reference axes for the evaluation of craniofacial asymmetry, it is 
necessary to identify anatomical landmarks that are not affected by deformity. Various 
reference lines have been used to analyze asymmetry.  
Based on the Procrustes superimposition of the mean facial architecture configuration, 
the upper part of the configuration connecting the Supra orbital, Infra-orbital and head of the 
maleus foramina show a high stability and is therefore recognized to be a reference plan 
which can be substitute to the Francfort horizontal plan for the study of facial asymmetry.  
 
In conclusion the plan connecting Infra-orbital right and left, and Head of the 
Malleus right and left is most suitable plan for the study of the asymmetry and can 
replace the Francfort horizontal plan as well.   
 
Conversely, the 3D-CT allows us to measure absolute dimensions and to produce 
three-dimensional coordinates and allow us to define a stable plan which can replace the 
Frankfort horizontal plan. This plan defined by connecting Infra-orbital right and left and 
head of the malleus is the new plan admitted to classify and diagnosis the asymmetry skeletal 
or facial.  
When the stable area is defined (RHM-LHM-RIO-LIO) we must choose the symmetry 
plan. The craniofacial symmetry is in a mathematical meaning a symmetry versus a plan, here 
a sagittal plan; the choice was influenced by two idea: 
1. Stability og giving the definition of the plan.  
2. Closeness of maxilla and mandible bases and upper and lower arches 
(therapeutically areas). 
If the first point gave same weight to anterior and posterior points, the second one gives 
the preference to the Infra Orbital points. The symmetry plan is the median plan 
between LIO and RIO. That induced the choice of orthogonal reference landmark in the 
3D Treil & Faure cephalometry.     
Nevertheless the choice adopted for the reference frame in the 3D analysis 






• Origin (O) of the reference frame: middle of Infra-Orbital points Left and Right 
(IOL-IOR).  
• X axis: IOL-IOR axis oriented from right to left. 
• Y axis passing through O perpendicular to the preceding one, oriented from 
backward to forward, and touching the segment joining the 2 landmarks left 
and right Head of the Malleus. 
• Z axis is perfectly defined to give an orthonormal reference.  
 
This orthonormal reference will be used in the 3D analysis Faure and Treil in the next 
section. It is a precise and accurate tool for the quantification and establishing the new three D 
parameters for the description of the orthodontic pathology as well.  
This section will be divided in several parts and describe the Class II and Class III 
border line surgical cases and the prevalence of the asymmetry regarding this orthodontic 
pathology.  
Our result gives more details and precision in evaluation of the asymmetry. There was 
an obvious tendency towards left-sided facial laterality over all the sample studied, within the 
subjects having skeletal Class III deformity they have more obvious asymmetry and the 
asymmetry is located more often in the lower part of the face and left-sided also deviation.  
 
 
7.2.3 Assessment of the Asymmetry and study of various pathologies by the use of 
3D analysis Treil and Faure: discussion of results 
 
We will discuss different items 
• What are the more determinants parameters to determine a surgical option 
and what are the limit values? 
• What precision gives us the 3D analysis to describe precisely a pathology 






• What are the ties between main pathology and others (vertical pathology 
and asymmetry for Class III and class II samples).  
 
7.2.3.1 Determinants parameters and limit values 
We can discuss the validity of a parameter to specify distinguish surgical cases and 
orthodontic cases by two ways: 
1. As the surgical decision was taken in the past mainly using 2D cephalometrics and in 
the table the two most important antero-posterior parameters: ANB and AoBo, we can 
consider that the 3D parameters which are strongly tied with them are the best. 
2.  We can also disregard theses old references and consider that the best 3D parameters 
are those for which the differences between reference sample and pathologic sample 
are more significant according to t test. 
 
7.2.3.1.1 Class II sample 
     7.2.3.1.1.1 Correlation with ANB and AoBo 
  
The importance of antero-posterior discrepancy is appreciated mainly by ANB and 
AoBo usual 2D parameters. The strongest relationship between 3D antero-posterior 
parameters and ANB or AoBo gives the more significant 3D parameters. 
 
The Table XIII, presented in the annexes section shows the best 3D parameters they are 
mainly: 
 
• GBMy :The protrusion of the maxilla, which is one of the causes of the class II 
pathology  
• 12 angle: inclination of global frontal plan(SO-IO-M) versus pseudo-
Franckfort horizontal plan(HM-IO) 
• MFM-MM, MHM-MSO/MHM-MM and MHM-MM: sizes of the mandible 
• MMy, 5 angle and GBmy: retraction of mandible basis or anterior mandibular 







7.2.3.1.1.2 Test t strongest difference 
 
The hierarchy according to t values is: 
 
GIMy-Gimy  Dyscrepancy/arches/anterior            t=14.149     (t:14.142/occlusal plan) 
MNPy-MMy  Dyscrepancy/bases/anterior     t=14.6 
MHM-MNP/MHM-MM Dyscrepancy/bases/anterior     t=8.262 
GMy-Gmy  Dyscrepancy/arches/center     t= 7.859 
5 angle   Dyscrepancy(MMy/MIO)/architecture/anterior( angular p.)       t=6.587  
12 angle   Dyscrepancy(frontal plan/MIO)/architecture/anterior(angular  p.) t=6.211  
GBMy-GBmy  Dyscrepancy/bases/center      t=6.120 
GIMy   AP position/arches/anterior     t=6.08  
 
 
We can already note some general rules, we will find again in other samples. 
• The parameters of antero-posterior discrepancy between upper and 
lower elements are better than those giving antero-posterior positions 
of one anatomic element versus reference orthogonal landmark.  
• The hierarchy of the parameters is :1° arches, 2° bases, 3° architecture 
• The use of anterior landmark is always better than posterior ones or 
middle ones, like gravity centre of the arch for instance. 
 
7.2.3.1.2 Class III sample. 
    7.2.3.1.2.1. Correlation with ANB and AoBo 
We can see in the correlation table XIII in the Annexes, the 3D antero-posterior 
parameters which show the most important ties with ANB and AoBo: 
• The parameters of antero-posterior discrepancy between upper and 
lower elements are better than those giving antero-posterior positions 
of one anatomical element versus reference orthogonal landmark; the 
position of a lower element is always better than an upper one. 
• The hierarchy of the parameters is: 1° arches, 2° bases, 3° architecture. 
• The use of anterior landmark is always better than posterior ones or 







The hierarchy is then: 
 
GIMy-Gimy  Dyscrepancy/arches/anterior 
GMy-Gmy  Dyscrepancy/arches/center 
MNPy-MMy  Dyscrepancy/bases/anterior 
GBMy-GBmy  Dyscrepancy/bases/center 
MMy   Dyscrepancy (MMy/MIO)/architecture/anterior (linear parameter) 
5 Dyscrepancy (MMy/MIO)/architecture/anterior( angular parameter) 
(MHM-MIO)/  Dyscrepancy (almost anteropost. measurement) /architecture/ 
(MHM-MM)  anterior landmark 
Gimy   AP position/arches/anterior   
GBmy   AP position/basis/centre 
 
Note 1: we can observe that the mandibular antero-posterior position parameters are more 
significant in class III cases, while the maxillary ones are better in class II sample; this is in 
perfect agreement with our analysis of pathogeny. 
 
 Note 2:  we can observe that this hierarchy has not the signification of an absolute law; it is 
only the mirror of the medium behaviour of the orthodontists included in the program. 
 
7.2.3.1.2.2. Test t strongest difference 
When we use that criterion, we find a different hierarchy: 
• The parameters of antero-posterior discrepancy between upper and 
lower elements are better than those giving antero-posterior positions 
of one anatomical element versus reference orthogonal landmark; the 
position of a lower element is always better than an upper one. This 
remains true. 
• The hierarchy of the different kind of parameters (arches, bases and 
architecture) does not persist. 








We observe this hierarchy, according to t values: 
 
GBMy-GBmy   Dyscrepancy/arches/center  t: 13.182 
MHM-MNP/MHM-MM  Dyscrepancy/bases/anterior  t: 11.487 
(MHM-MIO)/(MHM-MM) Dyscrepancy (almost anteropost. measurement) /architecture/ anterior  
    landmark    t:  9.706    
GIMy-Gimy   Dyscrepancy/arches/anterior  t:  9.716 (t: 9.732/occlusal plan) 
MMy    Dyscrepancy (MMy/MIO)/architecture/anterior(linear parameter) 
         t: 6.451 
Gy    Dyscrepancy (M/architecture)/architecture t: 7.297 
GMy-Gmy   Dyscrepancy/arches/center  t: 7.845 
Gimy    AP position/arches/anterior  t: 8.993 
Gmy    AP position/arches/centre   t: 5.022 
 
We find different determinant parameters from those of the class II sample. 
 
 
      7.2.3.1.3 Synthesis 
 
As a synthesis of the best parameters to take into consideration for a surgical/non 
surgical choice, we can keep mainly: 
 
GIMy-Gimy  Dyscrepancy/ arches/ anterior 
GMy-Gmy  Dyscrepancy/ arches/ center 
MNPy-MMy  Dyscrepancy/ bases/ anterior 
GBMy-GBmy  Dyscrepancy/ bases/ center 
MMy   Dyscrepancy (MMy/MIO)/architecture/anterior (linear parameter) 
5                         Dyscrepancy (MMy/MIO)/architecture/anterior (angular parameter) 
(MHM-MIO)/  Dyscrepancy (almost antero-posterior. measurement) /architecture/ 
(MHM-MM)  anterior landmark 
The three last ones belong to the same category of parameter, and it is possible to keep 









7.2.3.1.4. Limit surgical values 
The limit values are given for class II and class III dysmorphoses in the table XIV 
represented in the Annexes section. 
We can propose border values for surgical decision for all significant parameters, as 
the median value between lower limit of reference sample interval and upper limit of class II 
sample interval. 
For example with GBMy we calculate the class II surgical limit in this way: 
Reference sample 
GBMy = -8.314+/- 2.791  interval: [-11.105, -5.523] 
Class II sample 
GBMy = -10.430+/- 2.867  interval: [-13.297, -7.563] 
The surgical limit takes place at about -9 mm for GBMy. By this way we calculated 
the table of decisional limit values for the most significant parameters (Table XIV in 
Annexe). 
 
7.2.3.2. Precision of 3D description compared with 2D 
description 
     7.2.3.2.1. Class II sample 
The 2D analysis gives us only concise indications: 
• Antero-posterior discrepancy at alveolar level (4.27 mm according to 
AoBo, good mirror of occlusal antero-posterior discrepancy), overall 
due to little mandible retreat (4.84°) 
• Incisors biretrusion: 1.58 mm and 5.06° for the upper incisor and 1.29 
mm and 5.69° for the lower incisors). 
The 3D description of the medium diagram we gave above is much more precise in 









At the Architecture level; the orbital level remains normal. 
At the maxillo-mandibular level we note a retreat of M points (about -3.6 mm), with a 
briefness of mandibular corpus (MMy, 5 angle, MHM-MIO/MHM-MM). The orbital level 
being normal we observe the same briefness versus the supra-orbital plan than versus infra-
orbital plan (MHM-MSO/MHM-MM). 
At the level of the Bases: We observe a discrepancy between the bases of about 2 
mm, due to maxilla advancement,  despite a more important discrepancy between upper and 
lower anterior basal points. MNP to MM discrepancy is about 5.8 mm by advancement of 
MNP (2.2 mm) and retreat of M points (3.6 mm). The mandibular basis length is strongly 
decreased (5 mm). 
 At the Arches level:  
• The upper arch follows basic maxillar advancement (+2.7 mm) and lower arch 
follows partially architectural mandibular anterior retreat (-1.6 mm for a basic 
anterior retreat of -3.5 mm). The inter-arches discrepancy is then less 
important (about 4.3 mm) than inter-bases discrepancy.  
• The incisors discrepancy is more important (5.4 mm: maxillar advancement 4.4 
mm and mandibular retreat -1 mm) probably because of functional problems. 
The upper incisors torques is moreover decreased (6°).  
 Summary: 
The important class II is mainly due to insufficient growth of the mandible, 
concerning both horizontal and vertical parts (-3 and -8 mm). An advancement of 
maxillary basis (2 mm) contributes to the global discrepancy.  
At the alveolar level the anteroposterior discrepancy remains unchanged (about 
5.8 mm) though the upper incisors advancement exceeds the basic maxilla advancement 
and lower incisor retraction remains lower than basic mandible retraction. 







The schematic therapeutic correction is then exactly determined:  
Dysmorphy       Theoretical correction 
Ant. mandible basis retreat: 3.6 mm                      Ant. mandible basis advancement: 3.6 mm 
Lower incisors protrusion/basis: 3.6-1=2.6 mm       Lower incisors retraction/basis: 2.6 mm 
Ant. maxilla basis advancement: 2.2 mm    Ant. maxilla basis retraction: 2.2 mm 
Upper incisors advancement/basis 4.4-2.2=2.2 mm   upper incisors retraction/basis: 2.2 mm 
Upper incisors torque deficit: -6°        upper incisors anterior version: +6° 
 
The therapeutics indications are contradictory: 
2D data needs at alveolar level, dental advancement, but 3D data suppose dental retraction. 
At basic level 2D data suppose only a mandibular advancement while 2D data indicate 
mandible advancement and a maxilla retraction. 
If we examine vertical direction the differences would be also important, and if we 
examine the transversal direction we would compare precise data to zero data. 
Of course this fine analysis is much more interesting applied to an individual clinical 
case than applied to the mean diagram of a sample. 
7.2.3.2.2. Class III sample 
Anteroposterior direction 
The 2D analysis gives a great antero-posterior discrepancy, mainly due to mandibular 
excess (SNB is affected and not SNA); AoBo (-7.03) gives an evaluation of linear 
dyscrepancy, Here this evaluation is excessive compared with 3D data. The 2D analysis 
shows otherwise a little “hyperdivergence”, and Class III anterior compensations (solely 
angular in the mandible). We note a light biprotrusion versus known standard values, but the 









We remind here the complete 3D analysis already presented: 
Architecture 
The general shape is affected: slight retrusion of IO area (6angle and MHM-MSO/MHM-MIO 
increase) but the position of M is prominent versus orbital zone (MMy advancement: 6.3 
mm). 
Bases 
The basal discrepancy is important (about 7.5 mm) thanks to a great posterior discrepancy and 
a lesser anterior discrepancy (MNPy-MMy, about 4.97 mm). The global mandible size is 
increased (MHM-MM: +7.37 mm, and MHM-MM versus MHM-MIO and MHM-MSO 
increase) but the horizontal part remains standard.  
Arches 
Arches discrepancy is also important, 3.97 mm for the complete arches and 5.49 mm 
in anterior sectors. Torque compensations are present in the mandibular incisors (8.53°). 
There is a little biprotrusion. 
Summary 
So the class III sample appears as overall a great mandibular antero-posterior 
excess (advancements: 7.5- 8 mm a little lesser in anterior sector 5-5 mm). The global 
size of the mandible is increased but not the horizontal part.  
It agrees with a vertical excess of the maxillo-mandibular part of the face and 
with a transversal mandibular excess. 
The orbital area is lightly affected: little vertical excess and little IO retraction.  









Dysmorphy       Theoretical correction 
Ant. mandible basis advancement: 6.3 mm               Ant. mandible basis retraction: 6.3 mm 
Lower incisors protrusion/ basis: 8.25-6.3=1.95              Lower incisors retraction/basis   -1.95 mm 
Ant. maxilla basis advancement: 1.33 mm     Ant. maxilla basis retraction:-1.33 
Upper incisors advancement/basis 2.76-1.33=1.42    upper incisors retraction/basis: 1.42 mm 
Lower incisors torque deficit: 8.53°                           Lower incisors anterior version: +8.53° 
The 2D analysis indicates at alveolar level a little upper incisors retraction(1 mm) and 
a lower incisors anterior tipping forward , and at basic level an important mandibular 
retraction associated with a little vertical correction(maxilla impaction or genioplasty) 
The 3D analysis also indicate at alveolar level an upper and lower incisors 
retraction(1.5-2 mm), and a great mandible retraction with a combined maxilla advancement 
and impaction. This maxilla advancement is indicated because of the lecture of its primary 
position, but also to try to compensate the IO retraction. 
Like in Class II sample we can remind that if we examine in details vertical direction 
the differences would be also important, and if we examine the transversal direction we would 
compare precise data to zero data! 
Of course for an individual clinical case, the differences between the 2D and 3D 
clinical diagnosis and treatment choice would be more important than comparing the mean 
diagrams of a study samples! 
 
7.2.3.3. Relations with other pathologies 
We can analyse the relationship of antero-posterior pathology versus other pathologies, by 
using: 
• Or the comparison of medium values of vertical (or transversal, or asymmetry) 
parameters in the normal and extreme pathology samples (Reference 







• Or the correlation tables of antero-posterior parameters with vertical 
parameters (or transversal or asymmetry parameters) inside each sample. So 
we can see how evolutes the study parameters 
(vertical/transversal/asymmetry) inside a pathology when it goes stronger. 
 
7.2.3.3.1. Vertical pathology 
 
     7.2.3.3.1.1. Comparison of medium profiles 
The comparison of medium values of vertical parameters depending on the sample 
does not give conclusive observations: the two pathologic samples have a vertical excess: the 
class III sample, important excess, the class II a very little excess overall angular. Can we 
think that when we are going from class II to class I and finally to class III pathology, the 
“hyperdivergence” increases. 
The truth is surely in the analysis of mandibular sizes: 
The Class II typology includes as a determinant factor a little mandible and a stronger 
maxilla: as the pathology increases the maxilla remains stable or lowers (GBMz, MNPz, 
GMz) while the ramus grows shorter (MHM-MFM:-8 mm; MMz and Gmz: stable values). 
  That explains the clockwise rotation, and the increase of “hyperdivergence” 
without linear increase. 
The Class III sample has overall a great mandible: the ramus excess(+5.5 mm versus 
reference) results in a vertical homogeneous  growth.: then the angular parameters win only 2-
3° while the linear ones win 5 mm. The intermediate elements increase by a compensating 











7.2.3.3.1.2. Correlations matrix analyse 
Vertical pathology is strongly tied with antero-posterior pathology (Tables: XV, XVI 
and XVII listed in the Annexes section): 
• The mandibular antero-posterior lengths (MHM-MM and MFM-MM) agree 
with vertical one (MHM-MFM), and they agree also with vertical anterior 
excess (Gmz, GBmz, MMz).  
• Antero-posterior position of the chin (anterior landmarks: Gmy, Gimy, MMy) 
agrees with “hyperdivergence” and vertical posterior deficit: the retreat of 
chin means “hyperdivergence” and short ramus / chin advancement means 
hypodivergence and great ramus. 
• Class II discrepancy is tied lightly with “hyperdivergence” in both class II and 
class III samples, and with shortened ramus. 
• We can observe some nuances between the three samples. Mainly the relation 
of the ramus length with antero-posterior parameters is more important in 
class II sample and at a lesser extent in the asymmetric sample. 
• We can add some alveolar details: the occlusal plan rotates clockwise 
following the “hyperdivergence” especially in class II extreme cases. The 




We can try to compare the three samples, for mean profiles and for correlation matrix 
results. 
In the antero-posterior direction four kinds of parameters: 
Chin position (position of anterior mandibular landmarks)/ mandibular antero-posterior 







In the vertical direction three kinds of parameters: 
Anterior linear vertical excess / posterior vertical excess / divergence. 
In the three samples we find: 
1. Anterior vertical linear parameters are tied with mandibular basic lengths and 
not at all with class II alveolar or basic discrepancy. 
Little mandible means short face, great mandible means long face. 
2. Posterior vertical linear parameter (MHMz-MFMz) is tied with anterior ones 
but is strongly tied with class II parameters in the class III sample. 
In class II sample it plays a special role: for the strong cases it decreases following or 
preceding the decrease of all linear vertical measurements and in the same time the 
mandibular base rotates clockwise. 
Class III and high ramus with “hypodivergence” or class II and short ramus with 
“hyperdivergence”. 
3. Divergence parameters are strongly tied with chin protrusion, and with class II 
parameters: 
Chin retrusion and alveolar or basic class II agree with “hyperdivergence”. Chin 
advancement and alveolar or basic class III agree with “hypodivergence”. 
4. Dimensions of mandibular corpus and ramus are strongly tied with global 
mandibular length, but not so strongly together.  
5. Ramus length has significant correlations with almost all the antero-posterior 
parameters. It must play a role in rotation, anterior position of chin and 
class II relationship. 
The human morphology waves from one extreme to the other: 
• Class III hypodivergent and Class II “hyperdivergent”. 
• The normal growth of a class III scheme results in a class III 
“hypodivergent”. 







• They are two opposite way of growth. 
In the class III scheme the beginning is what we observe comparing class III/reference 
samples: an increase of  vertical dimension, affecting mainly linear parameters and induced 
by vertical growth of the mandible; the little divergence excess(2°) is a secondary effect of the 
global vertical growth. 
When the disharmony goes far away, when we reach the more severe surgical class II 
cases, when the vertical part of the mandible grows longer, the vertical dimension decrease 
overall for angular parameters and the anterior rotation becomes dominant. 
At the opposite increase of class II means reduction of vertical linear measurements 
and clockwise mandible rotation. 
 
7.2.3.3.2. Transversal pathology 
We can first analyse the problem by comparing the mean values of transversal 
parameters in the class II/reference/class III samples. 
In the class III sample the mandibular diameters (RM-LM and RFM-LFM) are 
homogeneously increased like all the mandible sizes and a little transversal discrepancy, 
upper/lower appears. 
The alveolar diameters follow this lower expansion (B, am and at a lesser extent a M, 
this probably for occlusal reason); may be a functional problem is responsible for this 
(permanent low tongue). 
In the class II sample we note mainly a great maxilla transversal deficit (RGP-LGP:-4 
mm) and also a little mandibular posterior expansion (RFM-LFM: +2 mm). May be the upper 
bone is pulled forward and then narrows and the lower is pushed back. 
The upper and lower arches diameters follow the basic upper contraction (aM, am and 
B) May be the lake of tongue morphogenetic function is involved. 
Thus it appears that great mandible and class III give a basic mandibular transversal 
increase, with an alveolar expansion overall mandibular. 






A little mandible and a class II give basic transversal upper deficit tied with transversal 
alveolar diameters contraction. 
Class II means long protrusive and narrow maxilla.  
But let us see the analyses inside the two samples. 
 
7.2.3.3.2.1. Class III and class II samples 
They show very similar correlation matrices. The correlation matrixes are represented 
in the tables XVIII and XIX (Class II and Class III samples) listed in the Annexes section. 
Transversal architectural and basic dimensions are correlated with antero-posterior 
mandible sizes (MHM-MM, and MFM-MM overall), strongly at basic mandibular level 
(RFM-LFM and RM-LM) but also lightly at basic maxillar level (MGP-LGP). 
They agree more discretely with chin advancement and class III discrepancy mainly 
for RM-LM parameter. 
Transversal alveolar parameters are mainly tied with mandibular length (RHM-RM 
and RFM-RM), and with class II discrepancy: As the class II increases the maxillar arch 
becomes narrow, but the mandibular arch becomes a little wider. So the lower/upper arch 
excess increases. 
 
7.2.3.3.2.2. Asymmetric sample 
The correlation matrix shows stronger ties between transversal and anteroposterior   
parameters; this is due to the recruitment of the sample which contains great class II and great 
class III; this enhances the relation(Table XX listed in the Annexes section). 
All the coefficients become strongly significant even where they were insufficient in class II 
and class III samples: 
• Between chin position and alveolar transversal parameters. 







• Between class II and basic transversal parameters. 
• Between class II and alveolar transversal parameters. 
• Between biprotrusio and alveolar transversal parameters. 
 
7.2.3.3.2.3. Interpretation 
Excess of mandibular antero-posterior growth is responsible for class III 
dysmorphy, and we find a transversal, overall mandibular but also maxillar excess. At 
alveolar level, as the dysmorphy makes its way the  mandibular arch diameters increase 
and the maxillar arch tries to adapt itself transversally for occlusal evident reasons, but 
its dimensions remain insufficient. 
The class II malocclusion analysis is more complex: it is due to maxillar growth 
excess and mandibular growth insufficiency. In fact the maxillar excess is not tied with a 
transversal excess but with a transversal deficit (4 mm). This may be due to functional 
problems and maxilla antero-posterior pulling with a stable volume. In the same time 
the lower arch becomes a little wider; so the upper/lower discrepancy increases, by 
lower excess. 
7.2.3.3.3. Asymmetry 
Here again we can try first  to find the truth by comparing the mean values of 
asymmetric parameters in the three groups class II/ class I /class III.  
The conclusions of this process are easy to discover, because the study of asymmetry 
was done in a very complete manner. 
It appears that as the lower face grows the right side surpass the left one, with 
three geometrical consequences: right size progress down and forward versus left side, 
and the median points deviate on the left. 
Thus we can see in class II with a mandibular insufficiency, a little right deviation 
of median points and a right side a little higher and backward versus left. 
In reference sample, we observe a little left deviation of median points and a 






While in class III sample we see a great left deviation with great excess of right 
side, down and forward. 
Figure 43: Asymmetry of the Class II sample  
Black line, reference sample   Blue line class II sample 












Figure 44: Asymmetry of the Class III sample  
Black line, reference sample                         All together             
Read line, class III sample 
















Figure 45: Asymmetry of the Class II sample  
 
Black line, reference sample                        Blue line Class II sample   
Doted line, ideal symmetry                          Black line, reference sample 
    




Figure 46: Asymmetry of the Class III sample  
 
Black line, reference sample  










































Chapter VIII: CONCLUSION 
Ce travail nous permet de conclure sur les deux objectifs fondamentaux. 
En premier lieu la forme de la base du crâne ne dépend pas des dysmorphies maxillo-
faciales comme des malocclusions. A une malocclusion correspond une morphologie maxillo-
faciale spécifique, mais la base du crâne reste stable. L’analyse de la forme basi-crânienne 
ne peut être utilisée comme un facteur de prédiction des dysharmonies. 
Une description tridimensionnelle paraît une évolution intéressante dans  les moyens d’étude 
de la  forme basi-crânienne. 
En second lieu la céphalométrie tridimensionnelle utilisée permet une description  des 
différents schémas maxillo-faciaux associés aux différentes malocclusions, qui complète et 
précise l’identification de ces schémas spécifiques  déjà soulignée par les méthodes de 
morphométrie géométrique. 
 
L’analyse des rapports antre les déséquilibres dans différents sens de l’espace, montre 
les corrélations existant. On retiendra surtout  le lien entre sens vertical et sens antero-
postérieur  qui conduit à des schémas extrêmes de la classe II hyperdivergente face courte à 
la classe III hypodivergente face longue. 
 
L’analyse de l’asymétrie  conduit à l’observation d’une petite asymétrie naturelle par 
excès droit (déviation transversale à gauche, avancement et abaissement des repères droits 
par rapport aux gauches). Dans les classes III cette asymétrie s’accentue, elle diminue en 
classe II 
. 
Nos observations ici confirment et complètent  les  résultats en morphométrie 
géométrique et les observations publiées : priorité des déviations gauche, prévalence des 







Pour finir nous avons fait la preuve de l’intérêt de l’analyse tridimensionnelle en 









Chapter VIII: CONCLUSION 
 
The aims of this work were double: 
• First we wanted to analyze the basicranial shape and its relationships with maxillo-
facial schemes or malocclusions. 
• Second we wanted to analyze the maxillo-facial shape:  
o Its relationships with malocclusions. 
o The limits between normal and pathological or orthodontic and surgical. 
o The relationships of disharmonies between themselves and over all: 
   Antero-posterior problems with vertical ones. 
   Antero-posterior problems with transverse ones. 
   Antero-posterior problems with asymmetries. 
 
As a consequence of these researches we were obliged to elaborate specific methods, 
to modify them, to criticize them, to compare them and to make the proper choice. These 
results about methodology can be used in other research directions. 
 
 1° Basicranial shape 
The first purpose of this study was to compare the size and shape of the cranial base 
configuration in subjects with different types of maxilla-facial disharmonies. With this 
information, the clinician may better understand where the skeletal differences occur between 
the different types of malocclusion. 
How our results answer two major questions regarding the relation of basicranial 
configuration and maxillo-facial disharmonies:  
Does basicranial configuration differ between different types of malocclusion? And does 







•  Does basicranial configuration differ between different types of malocclusion? 
 
Our results show a more stable basi-cranial shape than expected from literature, overall 
for the five categories of malocclusion.  
First, the basicranial growth changes rapidly during the prenatal life, it continues to flex 
during the first and second year in humans and remains stable after that (Jeffery 1999). The 
qualitative observation and statistical test as Goodall’s F-test didn’t show a shape differences 
and this confirm shape stability of the basicranial flexion between all types of malocclusion.  
Yet the stability observed in the superimposition of the mean shapes of the five samples 
can be significantly appreciate due to the number of subjects in each sample sufficient to 
resume the contradictory in the literature. 
 
• Does it play a role in determining aetiology of certain malocclusion? 
 
Apart from a few studies little is known about the relationship between the basi-cranial 
morphology and all types of malocclusion. The hypothesis tested confirmed that the basi-
cranial configuration is not significantly correlated to types of malocclusion. The present 
results, using a new approach and technique for the study of cranial base configuration, do not 
support the concept that the cranial base angle is a determinant in establishing the main 
classes of malocclusion. Therefore, it is not possible to corroborate the assertion of Dibbets 
that the three Angle classes II, I, and III represent arbitrary markers on a morphological 
continuum tied with basicranial flexure. 
Differences between these results and those of other workers may be related, in part, to 
differences in case selection procedures. The cases for this study were selected on the basis of 
the Angles Classification on a more definite malocclusion class II division 1 cases with 
overjet >8 mm and class III subjects with maxillary incisors in lingual occlusion. It may well 
be that cranial base morphology has no role in establishing malocclusions even at the 
extremes of the scale.  
The significance of the cranial base in the contribution of normal and pathologic 






establish an evident correlation between different types of malocclusion and cranial base 
configuration when looking to the all group data. This suggests that there is no direct 
relationship between the cranial base and class of malocclusion. Indeed a further research is 
need in a longitudinal study to precise when the actual growth patterns may start diverging 
between the skeletal types.  
The findings from this study provide new information to locate at which point the 
differences in skeletal development occur between Class I and different types of 
malocclusion. Our results indicate that these differences do not lie within the cranial base and 
thus should lead us to look more precisely at the potential structural and growth differences 
between the maxilla and mandible. 
From the findings obtained in this study, we conclude that the cranial base 
configuration is similar in skeletal Class I and different types of malocclusion. 
From the present study we underline two other majors conclusion which we believe 
merit special consideration:    
• First, we conclude that the new configuration of the basicranial flexion based on 
the determination of bilateral landmarks and based on spatial relationships of the 
trigeminal nerve and vessel foramina is a precise description,  
• Second this work shows the importance of morphometric geometric in analyzing 
the basicranial configuration between different types of malocclusion,  that this 
method of analysis represents a significant advance and our results better precise 
the non aetiologic factor of basicranial configuration in establishing jaw 
relationship or malocclusion.  
 
 2° Maxillo-facial shape 
If there is no relationship between basicranial shape and maxillo-facial scheme or 
malocclusion, there is a strong tie between these two last: Each type of malocclusion is in 
accordance with a specific maxillo-facial scheme: we established this using morphometric 
geometry methods, by comparing the different medium shapes with specific statistical tools; 
and we control this using the 3D C000 Cépha analysis, which gives overall specific difference 






Concerning the relationships between anteroposterior disharmonies and asymmetries, 
we found the not expected tie: human medium morphology consist of a little asymmetry by 
right hemi-mandible excess (transversal chin left deviation, and vertical plus anteroposterior 
right hemi-mandible dominance). With an insufficient mandible growth (Class II) we find an 
almost perfect symmetry, and with a strong mandible growth (Class III) we find a greatest 
right excess. The morphometric geometry study backs strongly these observations. 
Concerning the relationships between anteroposterior and vertical imbalances, we find 
again a strong relation: a great mandible growth in Class III corresponds to a “hypodivergent” 
scheme, but a vertical linear excess (long face) whereas a poor mandible growth in Class II 
corresponds to a “hyperdivergence” associated with a short face.  
Antero-posterior disharmonies are tied with transversal ones: with great mandible and 
Class III we find a mandibular transversal excess, and the mandible follows this transversal 
expansion; with a poor mandible in class II, the maxilla is carried forward and is made 
thinner, the mandible follows this with diminution at alveolar level. 
So we are encouraged to suppose a close relationship between anteroposterior 
disharmonies and vertical ones, transversal ones and asymmetry, all this included in a 
global process of late growth imbalance. 
We profited of our research work to debate of the threshold surgical limits and to 







































Figure 1:Class I reference Using C2000 software package, a 3D reconstruction was 
conducted to classify the following subject from the Class I reference group. The subjects 













The three D reconstruction shows the occlusion of a subject belonging to the reference Class I 
group, symmetric mandible and Class I Molar and Canine. The 3D analysis with the use of 
Cepha 3DT and Treil & Faure 3D analysis described this subject as having perfect normality 
and a perfect symmetry.  
 
The sub sample of Class I malocclusion is constituted by 62 subjects similar to the 
illustrated below matching the same skeletal pattern of perfect Class I Molar and incisor 
relationship.  
The symmetry was existant when all the subjects were analyzed and superimposed with 






Figure 2: Class II division 1 Using C2000 software package, a 3D reconstruction was 
conducted to classify the following subject illustrating the Class II division 1 group. The 
subject is then analyzed in 3D Faure analysis to describe the skeletal pattern. 
The three D reconstruction shows a subject of Class II division 1 malocclusion with all the 
clinical aspect: overjet, Class II Molar and canine relationship, strong anterior compensation 




The cutaneous aspect of the reconstruction illustrated below, is a specific illustration of a 
Class II division 1 malocclusion: chin retrusion, great importance of nose, open naso-labial 
angle and marked version of lower lip.   
 
The sub sample of Class II division 1 malocclusion is constituted by 62 subjects similar 
to the one illustrated below matching the same skeletal pattern of extreme cases “border 








Figure 3: Class II division 2 malocclusion: The disto-vestibular cusp of the maxillary first 
permanent molar articulates mesial to the mesio-vestibular groove of the mandibular first 
permanent molar: Class II division 2 malocclusion: There is excessive lingual version of the 





The cutaneous aspect is characteristic of a Class II division 2 malocclusion despite the 
presence here of linear vertical excess. We can observe the upper/lower lip discrepancy and a 
chin strongly marked.  
 
The occlusal 3D reconstruction shows a typical Class II division 2 malocclusion: anterior 
deck biss, full Class II Molar and Class II Canine.  In this case illustrating the Class II 
division 2 the supraclusion is not present. 
The sample Class II division 2, used for this study showed the clinical aspect of a Class II 
division 2 in the anterior relationship characterized by a supraclusion, a small asymmetry and 










Figure 4: Class III malocclusion: The mesio-vestibular cusp of the maxillary first permanent 



















The clinical aspect of the subject in the sample of Class III is typical: concave profile, 
lower lip protrusion, chin protrusion, vertical and linear augmentation, lack of chin-inferior lip 
sulcus, visible functional problem and asymmetry.   
The occlusal reconstruction shows an anterior occlusion of Class III, anterior cross 
bite, impacted canine, underjet, Class III Molar and Canine relationship and transversal cross 
bite.    
The 3D Treil & Faure analyses shows: 
In antero-posterior direction: the concavity of facial plane, increase of angle 5 
(MHM/MIO/MM), advancement of M points versus reference base tied with MIO and MHM 
At basal level we note the discrepancy between upper and lower bases.  
Al alveolar level we note the discrepancy between upper and lower arches gravity centers and 
incisors gravity centers.  We noted an increase of MIO/MM dimension and hyperdivergence 








Figure 5: Asymmetry: Asymmetric malocclusion classified on the basis of midline deviation 
> 4 mm. 
Our sample of asymmetrical cases is constituted by few cases having trauma injury: (5.1). In 
another hand simple cases of asymmetry are illustrated and constitute more then 90% of the 
sample (5.2).  
2 cases illustrate our sample; one of trauma injury and second a minor asymmetry 
representing the classic aspect of an asymmetry due to growth imbalance.   
























This subject illustrates a trauma injury clinically manifested with an asymmetry to the right 
side. This right deviation doesn’t follow the common findings, but it is deviated to the side 
opposite to the trauma.  
 
The 3D occlusal reconstruction shows a classical case of asymmetry by excess of left hemi-
face: chin deviation on the right side, lowering and advancement of anterior lower left 

















The cutaneous reveals a left deviation asymmetry by excess of right hemi-face. This 
asymmetry is classically associated with Class III Skeletal and “hyperdivergence” typology.  












The 3D occlusal reconstruction shows the excess of the right hemi-mandible with left 
deviation deviation of the chin lowering an advancement of right lower landmarks.             
                      
The 3D Treil & Faure analyses confirm the clinical observation. 
 
Here we can’t find any unilateral pathology explaining the case, and we conclude for a 
growth imbalance.  
 
Table I: Sorted elements of the shape difference between Class I and Asymmetric group    
The interpoint distances contain zero in all the parameter measured, the Ho is accepted and that the
basicranial configuration between Class I reference group and asymmetric is similar, and doesn’t differ.
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Table II: Sorted elements of the shape difference between Class I and Class III.
The interpoint distances for all parameter measured contain zero, the Ho is accepted and that the
basicranial configuration between Class I reference group and Class III is similar, doesn’t differ.
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Table III: Sorted elements of the shape difference between Class I and Class II division 2.
The interpoint distances for the three groups of parameter contain zero in all the distances measured, the
Ho is accepted and that the basicranial configuration between Class I reference group and Class II division
2 is similar, doesn’t differ.
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Table IV: Sorted elements of the shape difference between Class I and Class II division 1. 
The interpoint distances of the three groups of parameters antero-posterior vertical transversal contain zero in
all the distances measured, the Ho is accepted and that the basicranial configuration between Class I
reference group and Class II div.1 is similar, doesn’t differ
260
Table V: Sorted elements of the shape difference between Class I and Asymmetric group                     
The interpoint distances contain zero in all the parameter measured, the Ho is rejected and that the facial
architecture configurations between Class I reference group and asymmetric differ.
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Table VI Sorted elements of the shape difference between Class I and Class III disharmonies.  
The interpoint distances for all parameter measured contain zero, except for the lower part of the face, the Ho
is rejected and that the facial architecture configuration between Class I reference group and Class III differ
in the lower part of the face and direction of asymmetry.
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Table VII: Sorted elements of the shape difference Class I and Class II division 2.
The interpoint distances for the three groups of vertical parameter contain zero in all the
distances measured, the Ho is rejected and the facial architecture configuration between Class
I reference group and Class II division 2 differ in the vertical dimension.
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Table VIII: Sorted elements of the shape difference Class I and Class II division1 
The interpoint distances of the three groups of vertical parameters contain zero in all the distances measured,
but the differences is measured in the distance of antero-posterior parameters and transversal, the Ho is than
rejected and that the facial architecture configuration between Class I reference group and Class II division 1
differ also in the vertical dimension in the third lower part of the face located in the mandible.
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Table X: 3D vertical parameters describing the maxillo-facial morphology for the different subsamples.
Pathologic sample significantly different(t test) from class I(ref) at level of confidence of 5%(blue), 1%(green) and 1%o(red)
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Table XII b: 3D vertical parameters describing the maxillo-facial asymmetry for the different subsamples.
Pathologic sample significantly different(t test) from class I(ref) at level of confidence of 5%(blue), 1%(green) and 1%o(red)
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Table XII c: 3D anteroposterior parameters describing the maxillo-facial asymmetry for the different subsamples.
Pathologic sample significantly different(t test) from class I(ref) at level of confidence of 5%(blue), 1%(green) and 1%o(red)
270
ANB (2) BoAo ANB AoBo
GIMy -0,118 -0,259 0,1 -0,352
Gimdy -0,136 -0,2 -0,344 -0,722
GIMy-Gimdy 0,048 -0,046 0,569 0,641
GMy-Gmdy 0,131 0,084 0,66 0,814
GBMy -0,356 -0,207 -0,074 -0,137
GBmdy -0,292 -0,074 -0,512 -0,657
GBMy-GBmdy 0,056 -0,073 0,567 0,702
Classe II Classe III
Table XIII:  R correlation coefficient between ANB or AoBo and the most significant anteroposterior
3D parameters . 
r significant(depending on t test) at level of confidence of 5%(blue), 1%(green) and 1%o(red)
MNPy -0,234 -0,27 -0,103 -0,259
MMy -0,314 -0,213 -0,482 -0,661
MNPy-MMy 0,155 0,037 0,559 0,693
MFM-MM -0,244 -0,422 0,023 -0,256
MHM-MM -0,267 -0,387 -0,203 -0,403
12[3D] -0,38 -0,292 -0,343 -0,628
5 -0,342 -0,245 -0,469 -0,6
|MHM,MSO|/|MHM,MM| 0,358 0,318 0,34 0,452
MHM-MIO/MHM-MM 0,296 0,179 0,151 0,526
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parameter refer. level refer.loc. surg.class III lower limit threshold upper limit class I lower limit threshold upper limit surg.class II
GIMy-Gimy alveolar anterior -13,333 -9,587 -12,191 -14,796 -11,719 -8,542 -7,958 -7,274 -3,749
Gmy-Gmy alveolar center 4,766 1,278 1,456 1,635 0,436 -1,635 -1,22 -0,806 -4,407
MNPy-Mmy bases anterior -4,963 -0,581 -3,031 -5,482 -2,655 -0,172 1,749 3,67 8,458
GBMy-Gbmy bases center -3,749 -7,274 -7,958 -8,642 -11,719 -14,796 -15,937 -17,079 -13,333
MMy architecture anterior 9,734 4,037 5,392 6,747 3,431 0,115 2,303 4,492 -0,154
5 angle architectuer anterior 98,736 93,664 96,425 99,187 94,691 90,195 92,347 94,5 89,893
Table XIV:  Surgical diagnosis: decisional values for the most significant antero-posterior parameters
272
Table XV: Correlation matrix vertical parameters/antero-posterior parameters (Class II sample)
r significant(depending on t test) at level of confidence of 5%(blue), 1%(green) and 1%o(red)
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Table XVI: Correlation matrix vertical parameters/antero-posterior parameters (Class III sample)
r significant(depending on t test) at level of confidence of 5%(blue), 1%(green) and 1%o(red)
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Table XVII: Correlation matrix vertical parameters/antero-posterior parameters (Asymmetric sample)
r significant(depending on t test) at level of confidence of 5%(blue), 1%(green) and 1%o(red)
275
Table XVIII: Correlation matrix transversal parameters/antero-posterior parameters (Class II sample)
r significant(depending on t test) at level of confidence of 5%(blue), 1%(green) and 1%o(red)
276
Table XIX: Correlation matrix transversal parameters/antero-posterior parameters (Class III sample)
r significant(depending on t test) at level of confidence of 5%(blue), 1%(green) and 1%o(red)
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Table XX: Correlation matrix transversal parameters/antero-posterior parameters (Asymmetric sample)
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   ABSTRACT 
 
There is an interest in the recent literature about the relationship between cranial base 
configuration and facial disharmonies or malocclusions, the conclusions of which are 
contradictory, due to small sample size and very poor methodology to appreciate cranial base 
shape.The aims of this work are double, the analyze of the cranial base configuration and its 
relationships with maxillo-facial schemes or malocclusion and the analyze of the maxillo-
facial shape and its relationships with malocclusions. 312 patients selected with great 
pathologies “border line surgery” were used in this study and 3D method was applied, the 
morphometric geometry processes and a specific 3D maxillo-facial analysis elaborated in 
Toulouse. The results revealed two interesting finding, the basicranial configuration is not 
significantly correlated with types of malocclusion, it is remarkably stable, and it does not 
play any etiologic role in malocclusion appearance, and on the contrary, maxillofacial specific 
configurations, corresponding to different types of malocclusion, can be described precisely. 
 
 





La littérature accorde un intérêt soutenu à l’étude des relations entre la morphologie 
basi-crânienne et les dysmorphies maxillo-faciales ou les malocclusions.  
Le but de ce travail est double : d’abord nous voulions analyser la forme basi-crânienne et ses 
rapports avec les schémas maxillo-faciaux ou les malocclusions. Ensuite nous voulions 
analyser la morphologie maxillo-faciale et ses relations avec les malocclusions. 
Nous avons utilisé les données scanner de 312 patients sélectionnés comme ayant des 
pathologies importantes « limite chirurgicale » et analysé ces donnée par deux méthodes : les 
procédés de la morphométrie géométrique et une analyse maxillo-faciale spécifique élaborée à 
Toulouse. 
Nous pouvons conclure à propos des deux principales questions : 
• La configuration basi-crânienne n’est pas significativement corrélée avec les différents 
types de malocclusion, elle reste très stable et elle ne joue aucun rôle étiologique dans 
le développement des malocclusions. 
• Au contraire, des schémas maxillo-faciaux spécifiques correspondant aux différentes 
malocclusions peuvent être décrits avec précision. 
. 
 
Mots clés : 3D analyse, morphologie basi-crânienne, asymétrie, dysmorphie malocclusion.   
